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TEMPERATURE CONTROL INSTALLATION AT COMMERCIAL STEEL TREATING CO., DETROIT 
(Courtesy Minneapolis-Honeywell Regulator Co.) 
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The remarkable accuracy of Brown potentiometer recorders and 
controllers is due to the following: 
A—Humidity chart compensator corrects for changes in ing, unaffected by wear after long service. Because of 
width of the 12” chart, due to changes in humidity of the large diameter wire used on the slide wire each con- 
surrounding air. Without this compensation, errors up to volution can be selected accurately; each convolution is |" 
1°, (15° at 1500°) can occur with changes from 10 to equivalent to only .006” on the chart. Oil immersion of F 
90°/, in atmospheric humidity. slide wire eliminates wear resulting from the contact any 
brush riding on the slide wire, it protects the slide wire 4 the 
B—40” Helical slide wire with 1900 convolutions. Each from corrosion and dirt ) equ 
slide wire is uniform within 1/10 of 1%. Long 40” slide and thereby prevents high Lat 
wire permits robust wire (.020” dia.) to be used as a wind- resistance contacts. : eo 
*Every Brown potentiometer recorder or controller of standard range is guaranteed ac- sev 
curate within | /5 of 1°, of the range, when it leaves our factory. If properly installed and Wh 
maintained, it will retain this accuracy. If you want real accuracy in a potentiometer py- 
rometer, you require the Brown. my 
be 
THE BROWN INSTRUMENT COMPANY wn 
4482 WAYNE AVENUE PHILADELPHIA, PA. W 
Branches in 22 principal cities pee for 
atalog 1101 pro 











PARTLOW’S ELECTRIC TEMPERATURE CONTROL 


Moa product of the Partlow Corporation, New 
Hartford, New York, is a recent addition to 
a the rapidly increasing fold of control devices 
Se SMM to take advantage of the unique operating fea- 


tures of the BURGESS MICRO SWITCH. 





In adopting the BURGESS MICRO SWITCH 
Partlow engineers recognize the importance of 
its close operating differential with minimum 
force, its fast positive snap action, and the high 
conductivity and long life assured by ample 
silver contacts. 








For ruggedness, for constant calibration, for 
faithful operation through long periods of 
en service, these Partlow Electric Temperature 
Control for regulation of temperature through Controls rely upon the BURGESS MICRO 
control of Electric Heating Units, Motor Op- SWITCH. 


erated Valves or Solenoid Valves. 





BURGESS 
MICRO SWITCH 
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e of 
con- 
et N addition, its other outstanding features—uniformity, dust 
aaa proof construction, fully insulated housing, operation in 
tact any position, freedom from effects of vibration, recommend 


the BURGESS MICRO SWITCH for use in high quality 


equipment. 





Laboratory tests and field tests have amply demonstrated 
the ability of the BURGESS MICRO SWITCH to withstand 


severe service with but little wear. 


Actual Size 


:, ; * 
Whether your products are electrical appliances, machinery ¥ SPECIFICATIONS 


. ° ° ° e DIMENSIONS: Length | 15/16". 
or control instruments, if there are electrical circuits to Height 27/32”. Width 11/16”. Dis. 
be controlled with accuracy and reliability the BURGESS one grees nen wf aes 

‘ 7 oles, . Mounting holes, di- 

MICRO SWITCH warrants careful consideration. prrcnenial 
s OPERATION: Actuated by .00!° mo 
Write for descriptive literature. Tell our engineers your tion and 4-ounce pressure differ 
ential, in any position. Vibration 


b. 

2 
Rea 
. 
of 


r . ans 
problems, they are prepared to serve you. proof. Rapid, positive performance 


Operates at high speeds. 
110 


RATING: Handles 10 ampere 
c. F. BURGESS LABORATORIES, Inc. pot iy pthtlige pier 4 a.c 





a FREEPORT TYPES: Red Top—Normally closed 
4 Green Top—Normally open. Blue 
ILLINOIS Top—Double throw. 
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A new 


sensitivity 
control 


Provides quick, ac- 
curate adjustment for 
every time lag... gives 
highest possible sensi- 
tivity without valve 


“hunting” action. 





laylor “Fulscope” Regulator, shown here, 
makes it possible to obtain the one best 
sensitivity for each apparatus under control. 


F gran difficulty in the solution 
of control problems has been 
overcome. Taylor engineers have 
found a way to exactly match the 
unit sensitivity of a regulator with 
the time lag and heat capacity of the 
process involved. 

The Taylor “Fulscope” Regulator 
accomplishes this by means of a 





New Precision and Adaptability. The turn of a serew driver in this graduated 


dial “Universal Sensitivity Adjuster” gives you steady throttling, on-and-off 


action—any character of control desired. Its full range covers extremely high 


(Aw B...C...D) to very food 


highly selective, full-range adjust- 
ment, known as the “Universal Sen- 
sitivity Adjuster.” This feature pro 
vides an infinite number of “unit 
sensitivities’ —enables the operator 
to obtain the precise degree of con- 
trol desired while the instrument is 
in service. 

Other outstanding improvements 
in the Taylor “Fulseope” 
Regulator 
@ An improved setter point adjustment. 

Reduction gears make setting easier 
more accurate. 

® Direct to reverse action now obtained 
by simply changing the position of one 
part—no extra parts. 

® New design practically eliminates pen 
drag. It disappears entirely for interme- 
diate and low points. 

@ Full length flexible pen arm gives 
more uniform pressure between chart 
and pen—new type micrometer screw 


adjustment. 


rere . L) sensitivity values 

@ An Improve d and lighter leverage 
tem without sacrifice of ruggedne pra 
tically eliminates friction from the 
movement. 

® Calibration now obtained by simply 
positioning bearing in slot of arm at 
tached to bourdon spring. 

* Tube S\ stems ol ‘Tavlor Accurat l 
tubing are easily replaced, on the jol 
with a minimum of adjustments 

@ New die-cast case is dust 


and fume-proof. 


» Moisture 


More information about this new 
instrument can be had by writing 
Taylor Instrument Companies, 


Rochester, N.Y., or Toronto, Canada. 








Indicating Recording + Controlling 





TEMPERATURE and PRESSURE INSTRUMENTS 
The name Taylor now identifies our complet 


line of product cluding Tycos t 
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FOXBORO presents a new and outstanding ‘i 


development in Automatic Control Ez 


The Stabilflo Valve 


cos 


Biel ee soe 


This unique valve corrects the common fault 


for Ta tig RNS aaa 


o” 
series 
of Controlled Valves of the standard types. Dont 
fs elect! 
, . : © “inna 
nN By literally turning the motor upside d ; Sm P 
ci\O lf crcepnend) +h > | ae cte ay+ : 
O FRI and suspending the valve stem e : 
N from the TOp of the spring all DO , > In 
of excess friction is eliminated. No ba ‘ tg 
n 
roller bearings are necessary. signe 
Gran 
' . ; ment 
By a radical change in the design of + S Gaha 
GREAT TER +P © three 
g\Lity valve plunger, the flow rangeability | 
ne oth been increased 400° without dest i 


the essential flow characteristics. 


And this has been ne witho 
es\on s has been done out 
any mechanism to the fundamental d 


cywPlt . 


f the valve. 


This is the only air-operated automatic con- 





trolled valve that has complete control of the 
tlow at every point between 2 and 100%, 
its entire range. 


© words 
As to 
"e up ar 
in sh 
the ne 
51) v 
left, . 
M. Li 


There are many other unique features 

signed into the Stabilflo Valve. It can be fur- 
nished for any size line under any pressure or 
temperature used commercially. Get the com 


i The 


plete story of this interesting and valuat 


Th 
: from 
™ month 

me Chica; 

a four 

THE FOXBORO COMPANY ©“: 

4 naces, 

Ox BORO FOXBORO, MASS., U.S. A. al 

SG. F - eee is a & No 

THE COMPASS OF INDUSTRY Branches in all Principal cities. | quene! 
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valve. Write today—no obligation of cour 
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In This Issue 


y Although the application of auto- 
matie control to Metallurgical Furnaces 
is of prime importance, it has seldom 
if ever been the subject of an analysis 
both comprehensive and unified. H. J. 
Velten’s article is just this kind of 


inalysis. 


& Requests for additional copies of 
our January issue containing Professor 
Beitler’s article on orifice coefficients 
broke the record. An interesting sup 
plement now appears in the form of 
a discussion of several values pub 
lished in the original article. 


@ This month’s installment of the 
series on Electrical Measurement and 
Control takes up the various types of 
electrical measuring elements — the 
“innards” of instruments as dissected 
by Perry Borden. 


> In connection with one of the 
New Instruments last month we ran 
in this column a picture of its de- 
signer, Ben Smith, showing it to “the 
Grand Old Man of electrical instru- 
ment makers” which caused Paul Mac- 
Gahan to write us: “There are at least 
three things wrong in those three 





words. I am not grand, nor is 59 old. 


\s to the man part—why not ‘come 
up and see me some time’?” .. . So, 
in showing the men who developed 
the new GE ultra-violet meter (page 
51) we'll not use adjectives: at the 
left, A. H. Taylor; at the right, Dr. 
M. Luckiesh. They—well, never mind! 


The Front Cover 


@ This month’s cover photo came 
from Minneapolis shortly before this 
month’s leading article came from 
Chicago. From left to right there are 
four Bellevue Co. furnaces and two 
Strong, Carlisle & Hammond fur- 
naces, all six equipped with Minne- 
apolis-Honeywell motorized dual oil- 
and-air valves commanded by Leeds 
& Northrup potentiometers. The two 
quenching baths are equipped with 
Bristol contact type temperature con- 
trollers and motorized valves. The 
plant is that of the Commercial Heat 
Treating Co. in Detroit. 


EDITORIAL COMMENT 


When Engineers Analyze Civilization 


The Great God Waste, By Jou H 
son. Published by the author, Eddington, 
England, 1933. Paper, 54% x 8% inche 
128 pages Price, illustrated edition 


$2.00 cheaper edition $1.00 


The Irrepressible Contliet — Business 
vs. Finance. Ly |). ¢ ( i 
by the author New Yi 
Paper, 5 x 8 nehe 16 | | 
ce vate 


INCE 1930, most engineers find economics not the dry subject taught in college 


before the First World War but 


to our pay checks. (Whence part of the fascination.) Technical journa 
We may cite 
A. Stetson for both his own editorials and the many 


fore have lately “gone economic.” 


torials in Pencil Points, and G. 


important economic articles he has run in Mechanica 
‘Towne 


by technicians are not wholly new: 
before the A.S.M.E. more than fifty 
dealt ably with Kimball, 
engineers had not 


eCONnomMies ¢ 


famous 
opposite of the case of an eminent 
training, was boosted as ‘The Great 

Hodgson has invented noteworthy 


fascinating 


years 
Flanders, 
of °29. 


as an economist that people forget that he is an 


waited for the crash 


ind related to our daily work and 
there 
Ken Reid for his edi 


two friends: 


Nngineering. Such writin 


“The Engineer as an Keonomi 
when Thurston 
Veblen, Ennis and other 
Soddy in England has 


Which is the 


read 
President likewise 


\merican 


becon ‘ 


ago, 


enyineet 


financier politician who, because of his earl 
Engineer!) 

fluid 
He has explored the world’s capitals and jungles; 


meters and combustion control system 


he possesses a broad culture and 


a palatial Bedfordshire mansion. Dr. Coyle is a “typical” American engineer (C.E.) 
who holds an important NRA job and who speaks even better than he write Le 


and Hodgson write better than do most non-technical economists. Judge 


[HODGSON] 


Some 50 men by the use of auto- 


matic appliances load 5,000 tons of lead 
ore a day—one-eighth of the world’s 
total output 


lam haunted by a wan army of 20,000 
unemployed from whom my efficiencies 


have filched away their life purpose 
and their means of adequate livelihood 
It is the job of the efficient engineer to 


It has now equal- 
with the 


create unemployment 
ly become his job to join up 


other creative and executive members 
of the community in order to ensure 
that the people shall enjoy and profit 
by the unemployment which he and 
they provide. 

We may define Communal Waste as 
human effort spent without adequate 
satisfaction to the individual or benefit 
to the community ot) he. We 
erect far too many factories and plants 
We scrap serviceable plants. Vast sums 





are spent in advertising useless and ob- 
jectionable articles, and in “high-pow- 
er” salesmanship. (In industrial 
such as our own, where purchas 
ing powel is deliberately limited, 
“salesmanship” and advertisement can 
only divert production from one indus 
try or factory to another. They can 
nerease its total.) The savings of 
the thrifty are squandered and annexed 


Socile- 


by financiers and their satellites 

Great losses due to strikes, lockouts 
and lack of zeal on the part of the 
workers. We sabotage so-called sur- 


plus products, and deliberately restrict 
production while the community's need 
remains unsatisfied 


t nn Y trov emphasized that 
order to put things right economicall t 
not necessary to “change human nature,” but 
0) modif th stem 


Credit Power the right to grant o1 
withhold the permission and encourage- 
ment to do and to use things—must 
be widely diffused 

The money system which is outlined 
is put forward as an ideal rathe! 
than as the next step in practical poli 
tics [Hodgson proposes abolishing 
gold-basis currency and issuing credits 
to the value of goods and _ service 
available in the “community’’—which 
term does not necessarily denote a cen 
tral planning body.] 

As at present, the credits 
would be exchanged by means of 
cheques or token money for small 





issued 


purchases... There would be no taxation 
of individuals... Nin month endowed 
leisure . Encourage and reward willing 
and able service No upper limit of 


remuneration 


Whether or not one agrees with these two engineers’ diverse views, one 
BeAr. 


their little books illuminating._-M. F. 


for yourself: 


ICOYVLE] 

This is not a 

t new social order, but merely 
SHV In reorientation of 
An automatic factory, with all it 
pensive instruments, may be more 


ductive than an old fashioned plant 
equal cost and much large Al 

Apparently the powell ere oll 
to have comparatively little uss f 
either labor or capital. Thrift and ha 
work, our ancestral virtue ire drug 
on the market. The power age requ 
raw materials power! ind = teeht 
brains, all of which we have in abund 
ance It requires market ind there 
for the moment, is where we are tu 
[Quoting Justice Brande | 
creasingly doubt is expressed hethe 
it is economically Wise ol rn i 
right, that men hould be 4 ! tted 1 
add to the producting facilitic of an 
industry which is tlread ifferin 
from overcapacity 

Where hall we look for a meat 
keeping the balance between equip 
ment and consumption, that will be not 
merely a plan for pumpin the eal 
icross the boat? The maste 
of the economic tem for ' 
age will necessarily be i plan for di 
recting the flow of mone The t 
ditional method | ise f t 
tax systen The present problem 
how to divert money est ! 
in commercial equipment t 
umption f the rod hat 
Is trying to ell 

Consider the effect that id 
produced by the estab himent 
eeiling”’ of personal’ income Ab 
this ceiling the ipertax vould ta 
practically all the irplu ! 
cept as the taxpayer could ho t} 
he had contributed t to me 
of a non-commercial kind, Large i! 
Which in good times would norma 
reinvested in poison w ild be diverted 
to building art museun ind hospital 
ind college libraris 

One of the most mportant product 
of the power age i eisure, Le 
Income 

Neither busin nor tl St , i 
tolerate reckles iving | t 
have no need to ive 

It is only beginning to be din 
ognized that in an age f ! t 
is and must b hetween the nite 
of Husine nd t} yae f fir ’ ’ 
repre sib onfl I r 

PRR if finance ire ) ! i t 

inar i ‘ ! f 
finds both 
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Automatic Control of 


Metallurgical Furnace Conditions 


By H. J. VELTEN* 


ITH respect to automatic control problems, there are 
two type examples of metallurgical furnaces: the open 
for 
heating semi-finished steel. In general, the conditions which are 
required to be controlled in the operation of these furnaces 
present more serious problems than those to be controlled in 


steel melting furnace, and the furnace 


hearth 


the operation of other furnaces. 


\utomatie control of the open hearth furnace has numerous 
aspects, including (a) control of supply or consumption of fuel, 


either at one definite rate, or at a rate which varies in accord- 


ance with the desired temperature, (b) regulation of furnace 


pressure, (c) control of shape, size and position of flame, (d) 
regulation of air supply in relation to fuel, so as to produce a 
definitely varying volume of products of combustion, (e) regu- 
lation of proportions of liq 
uid and/or fuels, 
where two or more fuels are 
used in combination, (f) 
regulation of flow of exit 
gases so as to proportion 
distribution of heat between 


gaseous 


air and gas regenerators, 
(gz) regulation of interval 


between reversals in accord 
with indications of 
temperature or differential 
temperature between incom- 
ing and outgoing regenera- 
tors 

Control of a 
ing furnace 


ance 


steel reheat 
includes (a) 
regulation of temperature, 
(b) control of atmosphere 
within the furnace with re 
spect to its content of com 
bustible gases or oxygen, 
and (c) control of shape 
and position of the flame. It 
may also be desirable to 
regulate one or more of the 
conditions specified in the 
foregoing list pertaining to , 
the open hearth. In that case, the means employed are generally 
the same as those to be described under the open hearth furnace. 


Transformer I 


ANALYSIS OF OPEN-HEARTH CONTROL PROBLEMS 


Evidently, automatic regulation of furnace conditions should 
logically begin with fuel supply rate regulation in accordance 
with a temperature indication. Such regulation is technically 
difficult for two reasons; first, the lag between fuel regulation 
and resultant temperature, and second, the difficulty of identi- 
fying the desired furnace condition with a particular instru- 
ment indication of temperature. The first of these difficulties 
may be completely overcome; the second is now the subject of 
investigations and it is probable that a formula for analyzing 
furnace conditions on the basis of one or more temperature 
indications will soon be reduced to practical use. 

Regulation of furnace pressure is in reality the control of 
flow of outgoing gases at a rate which corresponds exactly 
with their formation. This regulation, in order to be useful, 
should be as accurate as possible, since very small variations 
in pressure produce considerable changes in flow. Accurate 
regulation of furnace pressure prevents infiltration of cold air, 
and at the same time maintains a constant shape and size of 
flame, promoting continuous heat transfer and avoiding un 
necessary wear on the furnace walls and ends. 

Control of shape and size of flame is effected by the size and 


*“Engineer, H. A. Brassert & Co., Chicago. 

Substance of paper, ““The Application of Automatic Control to Metal 
lurgical Furnaces,”’ presented at annual meeting of American Society of 
Mechanical Engineers, Dec. 4-8, 1933 
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Fig. 1 


shape of the gas port, where gaseous fuels are used, and b 

use of a regulated burner where all or part of the fue 
liquid: Such fuels are invariably atomized by steam, and a 
matic control of the oil-steam ratio in a correctly designed 
burner assembly permits regulation of the size, shape and posi 
tion of the flame. 

Regulation of the air supply is most simply and reli: 
effected by a regulation of ratio between fuel and combustior 
air. In the open hearth process, means must be provided for 
varying the ratio at successive stages of the process. This ma 
be done manually, or automatically in accordance with the 
oxygen content of the products of combustion. Length 
shape of flame requirements preclude the possibility of instan 
taneous combination of fuel and air. Gas and air ports ar 
shaped that the air meets 
the outside of a gas body, 
and the length and shape 
" . flame, as well as its ten 
perature, depend on_ other 
factors than the amount of 
excess air. Moreover, sucl 
excess has the bad effect of 
increasing the volume of 
products of combustion, i1 
creasing the carry-over of 
slag vapors to the regener 
ators, decreasing the eff 
ciency of the latter, and fo: 
these and other reasons add 
ing to the fuel requirement 
and increasing the cost of 
repairs. 

Many open hearths are 
fired by a mixture of fuels 
These may be: blast furnace 
gas and coke oven gas; coke 


Ratio Regulator oven gas and tar; coke oven 
gas and oil; blast furnace 
gas and oil; blast furnace 


gas, coke oven gas and liq 
uid fuel or blast furnace gas; 
coke oven gas and producer gas. Other combinations of these 
fuels are possible and are used sometimes for the sake of effi 
ciency and sometimes by reason of the availability of the fuels 
or one of them. Where combinations are used, the regulating 
system should be able to produce the following effects: 
(a) Maintain a constant heat input to the furnace by au 
matically replacing one fuel by another in the event of a sho 
age of the first. 


; 
+ 


(b) Permit regulation, through one adjustment, of the tot 
heat input. 

(c) Summarize the air required for combustion of all 
fuels and regulate a single air fan so as to provide the correct 
supply, maintaining the correctness of the air supply in cas¢ 
of variation in the supply of any or all fuels. 

Devices for the complete automatic control of fuel mixtures 
have been worked out and are available. Fig. 1 shows a simple 
solution of this problem, and is discussed below. 

The shape of gas and air ports of the open hearth furnace 
is usually designed with reference to conditions during th 
inlet phase of the process. Invariably the tendency at the out 
going end is to put too much gas through the air checkers. ‘Ihis 
may be avoided in some degree by varying the construction, 
but for complete adjustment it depends on regulation of damp 
ers in the outlets of the two checker chambers. The instrument 
indications utilized for this purpose are those of comparative 
temperatures in the regenerator flues. 

Automatic reversal is not automatic regulation in the sense 
in which it has been used in describing continuously mainta 
conditions. It is rather a determination of time for the reversing 
operation in accordance with an instrument indication of 
perature or of differential temperature. 
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HEAT TREATING FURNACE ATMOSPHERE CONTROL 


The steel heating furnace varies from the open hearth only 
in the details of the regulation problems presented and also in 
he desirability of maintaining an atmosphere in which scaling 
will be minimized. This atmosphere may be maintained by 
regulating the fuel-and-air ratio, and either checked by inter 
mittent or continuous analyses, or controlled from an indica- 
tion of the content of combustibles in the products of combus 
tion. An oxygen or COg indication may also be used for this 
purpose. The results of atmosphere control are among the 
most important in the entire field of automatic regulation. 


DESCRIPTIONS OF SOME CONTROL SYSTEMS 


Automatic control, as specified in the foregoing, is more than 
the regulation of a single condition. Indeed, it has reached 
the stage where it deals with maintenance of relative conditions 
in a somewhat complicated 
system. Details might be 
given at great length, but 
space limitations prevent an 
extensive discussion. I shall, 
however, go somewhat fur 
ther into a few details of 
metallurgical furnace con- 
trol problems. 


aU agin 


Pressure Control. The basis 
of regulation is undoubtedly 
the control of furnace pres- 
sure. Some other factors, 
such as combustion control, 
depend upon an absolutely 
constant furnace pressure. 
At first glance, this seems 
to be a very simple appli- 
cation of any controlling de- 
vice, but investigation shows 
that perfect furnace pres- 
sure control is difficult to 
achieve, and yet it has to 
be maintained within 0.005” 
water for the reasons stated. 

The oldest well-known 
draft control device is the 
bell type self-operating regulator, which operates a butterfly 
valve in the flue or in a side inlet. A simple calculation shows 
that with a beli area of 5 ft.2, for instance, a variation of the 
regulated pressure amounting to approx. 0.04” is required to 
produce an operating force of 1 Ib. The pressure connection 
for these regulators is therefore made to the flue, where a high 
minus pressure is available. Consequently, the furnace pressure 
will vary considerably with the load. For this reason, the self 
operating draft regulator has been replaced by those employing 
auxiliary power: electrical, hydraulic or pneumatic. The primary 
system then actuates only a control relay, and can be made sensi 
tive to the slightest variation of the pressure in the furnace itself. 

The primary systems most commonly used for this purpose 
are of the submerged bell and of the diaphragm types. The 
bell has the advantage that its full area is utilized. With the 
ordinary diaphragm, only about 14 of its free area is effective. 
To increase the effective area, diaphragms for such low pres- 
sures are made up with metal rings at the center. The advan- 
tage of the diaphragm is its small volume combined with a 
minimum of travel, so that with any impulse variation, prac- 
tically no gas flow accompanies any pressure variation: merely 
a transmission of static pressure. This important feature con 
tributes to stability of regulation. 

A second and equally important factor is that the regulating 
speed be a function of the extent of departure from control 
point. In considering any installation of furnace pressure con 
trol, it must be determined whether the existing time lag 
between the operation of the controlling device and its effect 
measurable in the furnace is within the limits of intrinsic sta- 
bility of the control system. If not, an outside stabilizer must 
be applied to counteract any pressure-effect variation trans- 

mitted to the control relays or to the motion of the controlling 
device. Such a stabilizer is always necessary when furnace 
pressure is controlled by operating a damper between the 
waste heat boiler of an open hearth furnace and the stack. 
For precise draft control, the stabilizer should not permit any 
permanent departure from the desired value, i.e., it should reset 
the original adjustment of the regulator after any control motion. 


Combustion Control. 1 only wish to show one metallurgical 
furnace example, namely, the regulation of combustion air 
supply for several fuels. Fig. 1 shows two different fuel gas 





Fig. 2 


lines and transformers* producing* an impulse* which 
sents the total demand for combustion air for both gases. This 
impulse is used as the primary one for the combustion regu 
lator, the secondary impulse of which is the volume of con 

bustion air supplied to the furnace 
able to 


repre 


lhe transformers must be 


receive a constant flow of air and to give out a flow 
which varies with the primary impulse. Both gases are me 
ured by means of orifices. The differential pressure in line | 
actuates the primary diaphragm of transformer I. The amount 
of air flowing into pipe 2 depends upon the position of the 
transforming device, which in turn is set by the gas flow im 
pulse. A small orifice 3 measures the unmount of Lit ing 
through pipe 2 and the differential pressure across this small 
orifice actuates the secondary diaphragm of the transformer 


Therefore, any variation in gas flow will change the setting of 
the transforming device until primary and secondary i ipulses 
are in equilibrium. In other words, the 


air flow through orifice 
3 is proportional to the flow 
of gas I. In the same way 
flow through orifice 4 
Is proportional to the flow 
of gas II. The total of both 


these air flows is 


the air 


measured 
and 
this impulse on orifice 5 is 
the demand for combustion 
air for both fuels. It is 
taken as primary impulse to 
any 


by means of orifice 5 


combustion regulator 
which controls the supply of 
combustion air so as to 
maintain a constant ratio 
between the total volume of 
fuel and combustion air. Any 
additional gaseous or liquid 
fuel may be handled with 
this control arrangement 
An extension of this 
marization principle 
it possible to 
heat 
furnace, the regulating sys 
tem automatically 
sating for 
fuel by an 
other. In this application a gaseous fuel is regulated by a rate 
of-flow controller. The flow 
iliary fuel, which may conveniently be liquid, are summarized 
and the impulse which corresponds to the combined flow is used 
to regulate the flow of liquid fuel. The liquid fuel will there 
fore be used in sufficient quantity to furnish the desired impulse 
of total heat input. This impulse may also be used a 
in Fig. 1 for the regulation of total combustion air 
Recent researches by Murphy, Jominy and Upthegrove in 
the United States and Schroeder in Germany 
extreme importance of control of furnace atmosphere in heat 
ing steel and the advantage in avoiding excess oxygen in th 
furnace atmosphere, particularly where the products of com 
bustion consist largely of water vapor. A. slight 
economy in the form of a few percent of unburned fuel may 
be much more than compensated by a formed 
on the heating steel. Regulation of the furnace atmosphere may 


sum 
! 

MAKES 

maintain a 


constant input to the 


compen 
a shortage in one 


increase in the 


of this gaseous fuel and of an aux 


shown 


have shown the 


sacrifice of 


saving in scale 


be accomplished by maintaining a definite ratio of fuel to 
combustion air. Such a system takes no account of variation 
in the composition of the fuel gas or leakage of the furnace 


system, and therefore is inaccurate with reference to the value 
of these Regulation 
which varies with the composition of the atmosphere 
pulse may be electrical, resulting from the combustion of 
gas contained in the flue gas or from combination of contained 
one of 


? 


impulse 
The im 
fuel 


variables. may also employ an 


oxygen with fuel gas used as a reagent, or it may be 
specific gravity. The direct application of such an impulse 
of a will not afford sati 


regulation, because such an impulse is subject to con 


oO 
the regulating valve by relay 
factory 
siderable lag. The preferable method is volumetric control of 
air and gas, in a ratio determined by 
the content of combustible, air or CO. as the case m hye 
Such a system, shown in Fig. 2 is accurate and stable 


means 


an impulse varying with 


Furnace Temperature Control. This other interesting control 
application on metallurgical furnaces is the first essential of 


“full automatic” furnace operation. Fig. 3 shows the arrange 


refer to 


*From this point on, Mr. Velten | 
standable by Instruments readers; and it no longer leemed nec ary 


to re-write entirely all sentences in which he uses the terminology pec 
liar to the engineering company with which he associated. Techr 
readers will not find it difficult to follow Mr. Velten through the re 
mainder of his valuable article Editor 
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ment of a temperature controller for this purpose. Extensive 
tests on the measurement of furnace temperatures are being 
conducted in different places and the optical pyrometer seems 
to be the most successful means of obtaining a reliable tem- 
perature impulse. In the diagram, 2 indicates such a pyrometer. 
The temperature impulse is transmitted to a metering system 3 
which may be a potentiometer or any other system actuating 
a transforming device and being balanced by a counteracting 
air-operated diaphragm. The transforming device will always 
be in such a position that pressure resulting from the tem- 
perature impulse, and the air pressure in pipe 4 and on dia 
phragm 5, are in equilibrium. The air pressure in pipe 4 is 
therefore proportional to the temperature to be maintained 
and is transmitted to the pressure type regulator 8, which 
actuates a control valve in the fuel supply line to the furnace, 
so as to maintain a constant air pressure or a constant furnace 
temperature. 

This would be sufficient for temperature control if it were 
not for the considerable lag, due to the heat capacity of the 
furnace. An analogy to this is the speed regulation of a tur 
bine by means of the turbine governor, the turbine speed being 
here the temperature, and the inertia of the rotating masses 
being the heat capacity of the furnace. In both cases, the 
regulation must be stable. Mathematically it may be expressed 
as the equation of a harmonic motion: 

dx dx 
m t a ; be 
dt- dt 

In this, # is the departure from the adjusted control point, 
and a the damping factor. This means that the regulator should 
not only be influenced by a departure but also by an impulse 
representing the speed of the departure. Practically, it can be 
accomplished in a simple manner by providing a resistance, for 
instance, a system of capillary tubing, between pipe 4 and 
diaphragm 5, and measuring the flow of air through this resis 
tance. In order to create a measurable flow, the diaphragm 
chamber is increased by a submerged bell 7. An indicating 
gage 9, connected to the diaphragm chamber, will read the 
furnace temperature and its variations, while a differential 
gage 10, connected to both sides of the resistance, shows the 
speed of the temperature variations. Acting upon the regulator 
is the sum of both, corresponding to the equation 

dx dx 
a L. bo m 
dt dt? 

Stability can thus be achieved without making use of the 
potential energy or accumulating effect of the furnace, ‘e., 
without permanent variation in the regulated value. In special 
cases, the regulator may additionally be equipped with an 
isodrom, or single-point stabilizer, as mentioned under pressure 
control, 


0, with decreasing amplitudes. 


‘She regulator not only tends to maintain the adjusted tem 
perature, but also to bring the speed of temperature variations 
immediately back to zero, so that a balance between heat input 
and heat consumption is always maintained. With a_ slight 
variation in temperature, it makes a rapid and considerable 
change in heat input, but only for a short time: until the speed 
of variation becomes zero. This is the same as what a careful 
operator would try to accomplish by regulating the fuel supply 
manually in accordance with an instantaneous indication of 
furnace temperature. 

The temperature regulator may control either the gas or air 
supply, provided that a combustion controller is applied as 
previously shown. With especially favorable conditions and on 
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small furnaces, the fuel and air valves may be interconn 
The conditions for successful application of this metho 
clude: constant pressure of fuel and air; both valves | 
the same characteristics; and the same resistance between \ 
and furnace. We seldom have these conditions, and a sep 
combustion regulator is therefore required in most cases 


CONCLUSION 

Heretofore, automatic regulation has in many cases 
applied to a single condition, usually furnace pressure. ( 
paratively few installations have been made in which co 
of fuel use rate, of furnace atmosphere and of furnace 
sure have been simultaneously effected. In some cases 
ambitious schemes of regulation have been attempted, tec! 
shortcomings in the control equipment have prevented 
realization of the expected results. Now, adequate methods 
equipment are available for regulating the conditions list 
the beginning of this article. Accurate determination of 
savings effected is difficult, since no metallurgical operation j 
completely stable with respect to conditions other than | 
regulated. Careful tests indicate a saving in fuel in exces 
10% in the open hearth furnace, with resultant advantag« 
higher production, lessened repairs and closer compliance 
specifications as to composition and quality of product. 


LETTERS to the EDITOR 


Discussion of S. R. Beitler's "Discharg 
Coefficients of Sharp-edge Orifices'' 


To the Editor: 

Thank you for the copy of Prof. Beitler’s paper which | 
have studied with much interest. I have great respect for 
accuracy of Prof. Beitler’s tests and think it desirable that 
data should be widely used. Fig. 4 contains all the essent 
experimental results for vena contracta taps on flow of wat: 
in pipe sizes from 1” to 14”. It is very concentrated infor 
tion and it seems likely that most meter users would prefer 
have it shown by curves similar to those of Fig. 5. 

Presumably everyone knows the formule for liquid flow 
when you come to compressible fluids there are several possi! 
coefficients and it is necessary to be more specific. In studying 
Fig. 5, several questions came up on which I think it might 
desirable to have Prof. Beitler’s further comments. In trying 
to transpose from Fig. 4 to Fig. 5, on several points checke 
the coefficient values of Fig. 5 ran about 0.012 lower or ab 
2% relatively lower than Fig. 4. This may be due to the “cor 
rection for compressibility” mentioned in the title under Fig 
If that is the explanation, then the coefficient shown in Fig 
is what would be fully described as C, Y, that is, the hydrauli 
coefficient based on the upstream density and multiplied by | 
“expansion factor” Y. If so, what value of Y was used? Wit! 
a head of 50” of water on air of atmospheric pressure, thi 
head represents a drop of some 12% which calls for quite 
substantial correction when the upstream coefficient C, is used, 
though the correction is small if the downstream coefficient (, 
is used. 

I should like to see a sample calculation of the Reyn 
number. I figure for a disk orifice of 114,” opening installed ii 
a large size pipe, for air at one atmosphere, the Reynolds nu 
ber is about 153,000 but there is a chance for argument on this 

The two lower values of coefficient at the left of Fig 
appear to be inconsistent with the other values. Which ones 
right ? 

Does Fig. 6 show the coefficient for corner taps directly 
parable with Fig. 5 for vena contracta taps? There is no 1 
under Fig. 6 to indicate that it is corrected for compressibilil 
and this raises a question whether they are on the same | 
except as to the pressure tap location. 
New Jersey Meter Co. 

Plainfield, N. J. 
February 1, 1934 





C. A. DAWLEY 
Chief Engi 


Author's Closure 
To the Editor: 


The questions which Mr. Dawley asks are very legitimat: 
the attempt to present as many facts as possible in a minin 
of words, certain things which are obvious to one who has | 
with a subject for years were left out and these omissions | 
lead to questions from one not so familiar with the subject 

I think that Mr. Dawley has calculated the values of | 
nolds number at the upstream pressure connection, whic! 
the value used in European practice, while the Reynolds n 

(Continued on page ©!) 
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4 Electrical Measuring 
\ Elements and 


Scales 
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. By PERRY A. BORDEN} and M. F. BEHAR** 
chi 
“dd 

Is ° . 
ow 1. Classes of Measuring Elements 

“4 (a) The Four Principles 

() ] hy - - 

those ‘ Although the nature of electricity is not fully known, many of its mani 
ess of © festations are distinct and reproducible, and they obey definite laws which 


remove arbitrariness from the assignment of numerals. Therefore, these entities 
(such as “electromotive force’) are true magnitudes and it follows that their 
orderly combinations with one another, with non-electrical fundamental magm 
tudes (such as “angle,” “length” or “time”’) or with measurable properties of 
matter or space (such as “resistivity” or “permeability”) are all magnitudes, 
hence truly measurable. In practice, the values of electrical magnitudes are de 
termined by performing essentially simple measuring operations upon tangible, 
convenient and reproducible effects which they may produce. A voltage o1 
electrical potential difference, for example, may be considered as an electrical 
pressure, and this pressure may be translated into a convemently measurable 
mechanical thrust. Again, an electric current, though consisting of a migration 
of invisible and mysterious electrons or “negatrons” along a conductor, may 
cause heating, chemical or magnetic effects, and any of these may be made to 
produce mechanical forces capable of exact determination by mechanical means 
We need not go into theories: the reader can satisfy himself, by consulting any 
standard text, that there are numerous such effects which are absolutely reli 
able. The number of different designs of measuring instruments thus made 
possible is enormous, but if we consider only the effects which are employed 
for quantitative determination of electrical values, we note that they fall into 
four groups: 

(c) electromagnetic 

(d) electrostatic 


(a) electrothermal 
(b) electrochemical 


These four groups of utilizable effects give us four basic principles of elec 
trical measurement, employed in all instruments that are strictly electrical, and 
in numerous other instruments as well. These four principles lead to a corre 
sponding division of the essentials, namely the measuring elements, into four 
classes. An instrument may be complicated, and it may employ more than one 
principle, but a measuring element can only belong to one class and can only 











ut - - . . 
sed. employ one of the four basic principles. Moreover, a measuring element is that 
¥ which has but one measuring function. Before proceeding any further into the 
treatment of electrical instruments for various engineering purposes, therefore, 
din m™ it is necessary to take up their electrical essentials, sometimes known as “move 
un s ments” but more precisely defined as measuring elements. In the following sec 
] = : > mNncin: —e ; ‘ 
this me «tions, the principal types of measuring elements will each be described briefly 
bo ¢ > a " ~* ~ . 
A Se and non-mathematically. Some of them will be dealt with in great detail as in 
E struments in later chapters; some will not be referred to again 
m= a Notes. (1) The division of the utilizable effects into four basic principles is firmly 
coli a established; hence the division of measuring elements into four classes is logical. To 
Hat a discuss “movements” only would lead to complications. For example the “pointer” of a 
3 cathode-ray oscillograph is a beam of electrons. 
= 4 (2) Our definition of a measuring element is believed to have other advantages. For 
mee =¢xample the cathode-ray oscillograph already cited seems at first glance to be an ex 
. tremely complicated device. Its essential “movement” is its tube, but this tube may 
z comprise two distinct measuring elements belonging to two different classes if its beam 
_ deflected vertically by a static field and horizontally by a magnetic field. In this case 
a ; > Py > aa Py ” - 
the simple-looking “bottle” (which actually is a simple device) comprises nevertheless 
two elements: an electrostatic measuring element with a vertical scale and an electro 
magnetic measuring element with a horizontal scale. 
\ E » Canon chapter (XXXI) of Part Seven (Handbook of Industrial Electrical Measurements and 
a bene — ot 3éhar’s Manual of Instrumentation. See editorial announcement of this series on 
a fished 7 of November 1933 Instruments. A complete chapter of this new handbook will be pub 
4 a = each issue of Instruments throughout 1934 and 1935. Each chapter is subjected to 
a pH > eg and then set in type, shortly before its appearance in this serial form, in order to 
a sie >, at the subject matter is thoroughly up-to-date. This new book is not published serially in 
a i 4 an er periodical, Entire contents copyright. To be issued in book form on or about Tan. 1, 1936. 
3 ‘Member A.I.E.E. **Editor, Instruments 





Metering, Controlling and Regulating 
Equipment 


—METERS— 


BOILER METERS for recording 
combustion conditions and guiding 
boiler operators. 


RATIO METERS for measuring fue! 
andair to furnaces to guide combustion. 


FLOW METERS for indicating, re- 
cording and in- 
tegrating the flow 
of steam, water, 
sewage, air, gas 
and other fluids. 


RECORDERS for 
temperature, 
pressure, draft, 
speed and other 
factors. 





Fluid Meter 


—CONTROLS— 
COMBUSTION 


control to main- 
tain steam pres- 
sure and com- 
bustion economy. 





i 62 


I 


SYSTEMS to 
regulate pump 
speed, reheat 
temperature, de- 
superheat and 
other factors. 


© CONTROLLERS for 
y rate of flow,pres- 
aor? sure, temperature 
and other factors. 


Control Panel 


—REGULATORS— 





FEED WATER regula- 
tors for feed water 
to steam boilers. 


PRESSURE regula- 
tors for heating and 
process services. 


DRAFT regulators 
to maintain the de- 
sired draft in fur- 
naces, kilns and 
small steam boilers. 











id 


Regulating Valve 





Complete information on 
any of the above Bailey 
products will be gladly furnished upon request. 


BAILEY METER CO. 


1041 IVANHOE ROAD @ CLEVELAND, OHIO 


INSTRUMENTS 
March 1934—Page 45 











THE THWING 
Treasure Chest 





The Treasure Chest 
Portable Testing Instrument com 
pletely self contained with all the 
appliances for checking 
all makes of pyrometers and thermo 
couples. It operates on the poten 
tiometer principle. And it has the 
exclusive self checking feature. 

The Treasure Chest can also be 
used for measuring small 
generated by chemical reactions. 


is the only 


necessary 


voltages 


Every Laboratory and every 
Pyrometers should 
Treasure Chest. 


Ask for Bulletin 16-1 


user of 
have a 
362 


Thwing Instrument Company 
3323 Lancaster Avenue, Philadelphia, U.S.A. 














SHALLCROSS 


Megohm Decade Resistance Boxes 





Employing the highest grade non- 


reactive wire-wound resistor units 


and the most modern methods of 
insulation. 


Nc m5 Two Decade 10x(.01 
Total 1.1 Megohms 


Two Decade 10x(0.1+4 


rotal 11 Megohms 
These Megohm Decade 
resistance comparison 


}-0.1 Megohms) 


No. 945 1.0 Megohms) 
Boxes may 
be used as 
standards, laboratory standards, 
potential dividers, and many other 
applications in the physics and in- 
dustrial laboratories. 


AY: nd for Bulletin o00-H de- 
scribing these 


SHALLCROSS MFG. CO. 


COLLINGODALE, PA. 


instruments. 
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(3) Although the following discussions are based on the measuring element « 
the term it will be used whene\ 
instrument movement is discussed as when its constructio1 


nt t 
tere 


“movement” is not excluded. On the contrary, 


} + 
such—that is to say, 


(b) Restoring or Control Forces 


In order that the mechanical force derived from an electrical source 
instrument may be indicated or recorded as a scalar quantity it is usual t 
pose the actuating force or torque by an equivalent restoring force or cou 
torque whose value varies with the deflection of an indicating membe: 
many non-electrical instruments the position of the pointer is controlled by 
interaction of a measuring torque and a restraining torque—both residing 
single part of the instrument, as a Bourdon tube or a bimetallic spring. In « 
trical measuring elements, on the other hand, the actuating torque and 


Tei 





Fig. 31-1. Principle of the d’Arsonval measuring 
element. Because of soft iron core, path of rotation Fig. 31-2. tron filings make visible the lines of 
force of a Weston permanent magnet with pole piece: 
and core. Note concentrated and uniform radial field 


of moving coil (between pointer ‘‘stops’’) tles in a 
radial field. 








Fig. 31-4. Moving-coil measuring 
element, complete with all parts mak- 
ing up a ‘‘movement’’ or ‘‘mechan- 
ism’’ but not ‘‘an instrument’’ since 
no Instrument scale is included in 
this assembly. (Roller-Smith) 


Fig. 31-3. Essential parts of the usual form of d’Arsonval movement. A—permanent magnet. BB—pole pieces 
C—core. F—pointer stops. G—control spring. K—bridge. LL—insulating pillars. M—three counterweights. N— 
arm to which outer end of spring G is attached, and which can be shifted from outside of case to adjust zero 
(Edgcumbe) 
restraining torque—then known as the control torque—are usually obtai 
from separate elements of the mechanism, the latter in most indicating inst: 
ments being derived wholly from a spiral spring, and in some delicate lab 
tory instruments wholly from a torsion fibre. In some switchboard instrum: 
particularly of the recording types, gravitation enters into the control, 
either in conjunction with springs, or acting alone on the mass of the mov 
element, serves to oppose the actuating force and bring about equilibrium. | 
the earth’s magnetic field, usually an influence from which elements are shi 
when precision is required, is actually used to furnish the control torque 11 
single-needle tangent galvanometer—a laboratory instrument mentioned 
only because of this peculiarity. In direct-deflecting instruments a balance 
tween the two forces is automatically obtained by the moving element chan 
its position under their influences until their respective turning moment 
equal and opposite, when the position of the moving part, as indicated b 
associated index upon a graduated scale, represents the value of the magnit 
under measurement. In zero-reading instruments, the moving element 1: 
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stored to a fixed reference position by a counter-influence varied manually or 


through some other outside agency, and the deflection necessary to produce the 
required restoring force 1s determined from a suitable scale. The closest similar 
ity to non-electrical instruments 1s found in electrical measuring elements de 
pending wholly on gravitation for the restoring torque: “gravity control’ move 
ments are comparable to “primary” or “standard” pressure measuring 
instruments employing liquid columns or weighted plungers to oppose the 
measured pressure. 
(c) Electromagnetic Elements Predominant 

Since the number of electromagnetic instruments in use vastly exceeds those 
of all other classes combined, this handbook deals mainly with instruments and 
measurements based upon that principle, other classes being introduced only 
in those instances where they have found practical application. As the great 
majority of instruments are used in the measurement of current, voltage and 
power, and because ammeters, voltmeters and wattmeters in general need not 
differ materially in their operating principles or mechanical characteristics, the 
classification which is used when discussing these instruments is based upon the 
kind of current with which their elements operate, rather than upon the basic 
mechanical principles. This classification is: D.c. only (Section 2); both d.c 
and a.c. (Section 3); a.c. only (Section 4). 














31-6. In the Cambridge ‘‘Unipivot’’ movement, 
another adaptation of the d’Arsonval principle, a circular 
coil is supported on a pivot the point of which rests in 
a jewel mounted in the center of the spherical core. 


Fig. 31-5. In the Westinghouse ‘‘L’’ movement, Fig. 


an adaptation of the d’Arsonval principle, a rect- 
angular coll D swings in a single air gap G be- 
tween pole-pieces B and C of the permanent mag- 
net system. 


2. Elements Operable on Direct Current Only 


This group of movements includes in general those in which a permanent 
magnet is associated with the electrical circuit in which flows a current repre- 
sentative of the electrical magnitude to be measured; and these are for the most 
part of the permanent-magnet moving-coil, or d’Arsonval, type shown schema 
tically in Fig. 31-1 and diagramatically in Fig. 31-3. This movement consists 
essentially of a rectangular coil of fine wire pivoted on jeweled bearings and 
free to rotate in the annular space between the soft iron core and the pole 
pieces of the permanent magnet. Fig. 31-2 shows how the core gives a “radial” 
flux which makes for a uniform scale. Two spiral springs serve the double pur 
pose of conducting the current passing through the coil and of providing a con 
trol force. Since the actuating force in such an element is dependent upon the 
product of the fixed field by the movable field, it is possible by providing a rela 
tively powerful permanent magnet to obtain force sufficient for measurement 
purposes by the expenditure of a very small amount of power from the meas 
ured circuit. For this reason the d’Arsonval type of movement has found great 
favor in d.-c. measurements. A Roller-Smith d.-c. movement is shown in 
Fig. 31-4. Two (among the many) modifications of the d’Arsonval move 
ment are shown in Figs. 31-5 and 31-6, the former being a Westinghouse 
wide-angle scale movement and the latter a Cambridge “Unipivot’” movement 
with spherical core. The coils of d’Arsonval type elements are generally wound 
on aluminum or other suitable metal forms in which eddy currents are set up, 
resulting in damping action. (See Section 7.) 

The measured current being carried in the delicate moving coil of instru 
ments of this type, it is obvious that the value of this current must be relatively 
small. In voltmeters, a high resistance of suitable fixed value is placed in series 
with the movement, and measurements are made with a negligible current taken 














| ROLLER-SMITH 
TYPES PA and PD 
POCKET PORTABLES 


A.C. and D.C. Ammeters, Volt 
meters and Volt-Ammeters. 

1. Size, 414" x 5" x 14% 

2. Weight, less than 2 pot 

3. Accuracy, 1% for D.( |! 
for A c>. 

4. Scale length, 3 5/16” 

5. Ranges up to 50 amper 1 ( 
and 200 ampere: ind over D.C 
up to 300 volts. A.C. and D 

6. Send for new price sheet |-6 
for catalog J 123 
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ROLLER SMITH COMPANY 


Electrical Measuring and Protective Apparatus 


Main Office 
2132 Woolworth Bldg ! 
New York N J 
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Works 


SPLIT-SECOND TIMING 

OF LABORATORY TESTS 

MADE EASY WITH THIS 
New Electric 


STOP CLOCK 





Accurate to better than 1/5 of a see- 
ond—dead beat—controlled by conven- 
lent switch. 

Large 3.” dial—S times larger than 
an ordinary stop watceh—scale divisions 
of 1/5 second. 

A very practical and ruggedly 
instrument—avoids the expense 
nuisance of jeweler’s repairs. 

Furnished in neat hard wood case, 
complete with extension cords for con 
nection to current supply, cord with 
manual control switch and resetting 
button. Reasonably priced. 


THE STANDARD 
ELECTRIC TIME COMPANY 
SPRINGFIELD, MASS. 
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Please State Voltage and Frequency 
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LOW READING 


Wattmeters 


for use on 


Low Power Factor Circuits 





Dynamometer Milliammeters 
and Voltmeters. Also Ultra- 
sensitive meters both for AC. & 
DC., Fluxmeters, Electrostatic 
Voltmeters from full scale 120 
volts to over 20,000 volts. 

Thermocouples, Earth Current 
Meters, Cable Testers, etc. 


RAWSON 
ELECTRICAL INSTRUMENT CO. 
Cambridge, Mass. 

Branch: 91 Seventh Ave., New York City 
Representative: E. N. WEBBER 
Daily News Bldg., Chicago, III. 











Olken Lectures on 
Inventing Art 


\n introductory course of eight lee 
tures on the art of inventing has been 
idded to the classes of the University 
kxtension Division, Massachusetts De 
partment of Education. It is given by 
Hyman Olken, formerly engineering edi 
tor of Justruments and research physi 
cist, Atlantic Precision Instrument Co. 
The course is being held on eight suc 
cessive Wednesdays at 7:30 p. m., start 
ing March 7, in Room 36, Sever Hall, 
Harvard University. It is intended pri 
marily for persons technically trained 

scientists and engineers—-who want to 
become proficient in inventing. An ex 
planation of the mental process involved 
in invention will be given; regular meth 
ods will be developed, and a definite 
procedure established, for successful in 
venting. Attention will also be given to 
present fields for invention, and to ways 
of finding invention problems commer 
cially worth while. Concrete illustrations 
from industry will be given, with special 
emphasis on the fields of electricity and 
electronics. Registration in the course is 
still open to all interested persons, and 
may be made at the University Exten 
sion office at the State House, or at the 
lecture hall 





Lawler Automatic Controls, Inc. an 
nounce the acquiring of a new plant at 
153 N. MacQuesten Parkway, Mount 
Vernon, N. Y., with additional facilities 
for the manufacture of their tempering 
valves, mixing valves and other automatic 
control devices. 
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from the line. In ammeters, shunts are generally necessary, and these v 
discussed under The Measurement of Current. 

An interesting type of direct-current element is found in the General 
tric “Thomson Astatic” ammeters and voltmeters, used in locations, su : 
street railway switchboards, where severe stray magnetic fields are encount = | 
In this movement the effects of external fields are eliminated by the as 
arrangement of the poles of two magnets, the moving element comprising 
coils, 

Another interesting type of direct-current element is the Ayrton-Perr | 
permanent-magnet moving-iron (sometimes referred to as the “polarized vane”) _ 
type. Here a light soft iron vane is pivoted between the poles of a relat ; 
large permanent magnet, provided with specially shaped pole pieces te: 





to maintain the vane in a definite position. The current to be measured - 
~ ig 
in a coil so arranged that it produces a field perpendicular to that in th attach 
© force 
€ ie » ; ( 

— e rial 
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Fig. 31-8. Essentials of an Ayrton-Perry permanent-magnet moving-iron Fig. 31-9. Solenoid typ 
(or polarized vane) measuring element. of moving-iron element. A 
ton 
, oper 
of the magnet, and the vane is deflected by this cross-field. This type of n © forn 
ment is relatively inexpensive, is frequently found in instruments used for aut Thi: 
mobile work and the like, and in one form the coil is entirely dispensed wit slick 
and replaced by a cross magnet of soft iron having a loop exterior to the cas the 
through which the current-carrying conductor is passed one or more turt it = 


may be necessary. Fig. 31-8 is a diagram of an Ayrton-Perry movement 


(b) 


3. Elements Operable on Both Direct and Alternating Current . T 
Since in elements of the permanent-magnet moving-coil type the main fi duct 

fixed and constant it follows that any reversal of the current flowing in t = mec 

measuring circuit will produce a reversal of the actuating torque, so that 

alternating current the moving elements of such instruments either oscillat : 


violently or remain near the zero position, usually with a distinct tremor, 
do not perform a useful measurement. In order to produce an actuating tor 
which will be a measure of the current flowing, it becomes necessary to pri 
a type of element in which both the main field and the field produced i1 
moving part perform their reversals simultaneously, when a definite and 


aii SS: 


tive torque will be produced, having a value which bears a distinct relati 
the effective value of the measured current. With direct current flowing i: 


2 


sf 


windings of such instruments a definite measurement is of course obtained 
in some forms it is found that the calibration on direct current differs slig! 
from the a.-c. calibration 

Instruments having elements in which the fields of the moving and fixed | 
of the measuring element are both produced by the current under mea 


ments are classified as: 


(a) Moving-iron 


(b) Electrodynamic ag 
(a) Moving-Iron Instruments i 
While there are three general forms of moving-iron instruments, the i 
variety of designs makes it impossible to discriminate definitely among the! an 
In general they may be considered as 4 ) 
(1) Solenoid form, in which an iron plunger free to move along the sf 
of a solenoid takes up a position representative of the value of current flo: 
The principle is shown in Fig. 31-9. ¢ 























1] 4 P 
uc 
nt s | = 
as x z 
1g Z 5 
rane) Z 5 
iti 
ending W146 wangrannenn ee 
3, Fig. 31-10. Magnetic vane moving iron type of element—Thomson inclined coil movement. Iron vane A, 
le Ya attached at an angle to its spindle, tends to turn against springs SS so as to become parallel to lines of 
force passing down through center of coil C. (Swoope) At right, actual construction of G.E. ‘‘Type AD-6."’ 
b (2) Magnetic vane form, in which a relatively small vane of magnetic mate 
We rial tends to place itself parallel to, or in the most intense portion of, the field 
© of acoil carrying the measured current. Historically, this element is the father 
™ of all electromagnetic instruments, dating from Oersted’s observation of the 
antics of a compass needle near a conductor. Fig. 31-10 illustrates the General 
Electric's Thomson Inclined Coil movement which uses the vane principle. 
(3) Repulsion form, in which two pieces of iron placed within the field of 
© the measuring coil, becoming similarly magnetized, repel each other and tend 
to move farther apart. Fig. 31-11 (Weston) shows the principle and its devel 
opment; Fig. 31-12 shows a Roller-Smith repulsion type movement. 
Instruments of the moving iron type, while usually intended for a.-c. meas 
urements, can be employed on direct current as well. Owing, however, to the 
magnetization characteristics of most irons, the d.-c. indication of such an in 
© strument may be affected by its previous magnetic history. Therefore, moving 
© iron instruments should not be used for precise d.-c. measurements unless defi 
© nitely guaranteed suitable for such by the maker. 
id typ 7 4 ; J . ‘ 
t. * An interesting application of the moving-iron principle is found in Cromp 


ton & Parkinson’s “Tong Test” (Fig. 31-13) where an element of this type 
® operates in the field of a hinged magnetic circuit (not a hinged current trans 
since former) which may be opened to encircle a permanently installed conductor 
This instrument is primarily adapted to a.-c. work, but is applicable with a 
slightly reduced precision to measurement of current in d.-c. circuits, whereas 
the portable instruments with hinged current transformers, which may resemble 

















ns, ™ it somewhat, are usable only in a.-c. work. 
~ (b) Electrodynamic Elements 
4 The principle of the electrodynamometer is based on the fact that two con 
el ductors carrying electric current act upon each other with a measurable 
nt mechanical force. In movements of the electrodynamic type two or more wind 
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Fig. 31-11. Evolution of the repulsion moving iron type of measuring element. (Weston) 




















On January Ist the Air Reduction Co., 
Inc. exercised its option on the balances 
of the capit il stock of the Wilson Welde1 
and Metals Company of North Bergen, 
New Jersey Air Reduction thus becomes 
the first of the oxyacetylene weldins 
compames to own a LOO interest Ino an 


electric welding organization 





Jas. P. Marsh Corp., Chic WoO, ANNU 
the appointment of three new sales rep 
resentatives: Fort Worth, Texas, J. M 
Kane; Syracuse, N. Y., A. W. Reynolds 
and Salt Lake City, Utah, A. A. May 


cock Co. 





The Louis C. Eitzen Co., 280 Broadway, 
New York City, announces its appoint 
ment as exclusive New York representa 
tive for the Trill Indicator Co. of Corry, 
Pa., manufacturers of the Trill engine 
indicator and the Corry check valves 





MANUFACTURERS’ 
NEW LITERATURE 


In this department we each month list 
the printed matter issued by manufacturers 
Unless otherwise noted, any of the items 
listed may be secured free upon applica- 
tion to the issuing firm. Manufacturers who 
have not yet sent in their printed matter 
are invited to do so. 





b62 Tachometer. Leaflet describe 
Jones Type iH Hand Pachomete 
Viking Instrument In New York 
City 

63 Remote Liquid Measurement, | 
page bulletin folder ind loose-leat 
on K-S Telegzage King-Seely Cor 


Ann Arbor, Mich 

B64 Eleetric Stop Watch. Leaflet ad: 
ecribes laboratory timer, The Standard 
Klectric Time Co., Springfield, Mass 

B65 Production Recorders, “The 
Graphic" No. 1083 is devoted to appli 
eation of graphi« instruments to ice 
production. Form 429 describes acce 
sories for graphic instrument The i 
terline-Angus Co., Indianapolis, Ind 

66 Vitamin Tester. S-page booklet 
on the Hilger Vitameter A Adam Hil 
ger, Ltd., London, England 

B67 Lubricants. Technical Bulletin 
B113 deals with Importance of Col 
loidal-Graphited Lubricants 
Acheson Oildag Co., Port Huron, Mict 

BOS Ultrafiltration. 28-puge booklet 
U-3, “Zsigmondy Ultrafiltration Appa 


ratus and Membranes” contains surve 
of work, 124 literature ref’ I’faltz 
Bauer, Ime New York City 

69 Telemetering System, 4-page Lul 
letin 418 announces the Metametet! 
operatable over distances up to 250 
miles. The Bristol Co., Waterbury, Conn 

70) Seientifie Instruments. I-pag 
Sept.-Nov. 1933 issue of Notizie Per | 
Laboratori” is mostly devoted to col 
lege physics lab ipparatu Officin 


Galileo, Firenze, Italy 

71 Pocket Stroboscope. Instruction 
booklet (in Freneh) on Strobo-Me 
stroboscopic tachometer I’. lDuea 
Son, New York Cit 

B72 Ohmite News. Janus 
technical article is on resisto 
dio receivers. Ohmite Mfg. ¢ (‘hic 
11) 

B73 Precision Tools, b-poeawe ital 
29 describes light-wave nterferer 
method equipment rage bloel ine 
bars, flatne tester et The \ 
Keuren Co., Boston, Ma 

B74 Microscope Record. {-p e Jar 
uary number contain rt le 
paring metal pecimen ! 
illuminants illumination b par ‘ 
rays, ete. W Watson & Sor Ltd Lor 
don, England 

B75 “What is this Thing Called Hu- 


midity?” is title of folder nta 
30 questions and answer! wy ] fr 
strument Companies, Rocheste NV ¥ 
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B76 Potsstsometer Stabilog. 4-paxe 


Bulletin i91l-1 is chnical preliminary 
description; & pax Bulletin 194 is non- 
technical announcement of new control 
system The Tombete Co., Foxboro 
Mass 

L777 Stains and Preparations for 
Microscopy. 14-page List covers “Bay 
er-Meister-Lucius standardized and 
certified products including those for 
special purposes textile tests, etc 


I’faltz & Bauer, Ine., New York City 
78 Ceneo News Chats. li-page Ieb- 
ruary number contains articles on 
Loiddesol Klectrodialysis Apparatus, 
blown glassware replacement problems, 
constant wattage transformer, gas reg- 


ulation, photoelectric control units, 
ultra-violet radiation dosimeter, ther- 
moregulators, “six-instruments-in-one” 
galvanometer, ete., and the usual 


Helpful Hints."” Central Scientific Co., 
Chicago, Ill 

L379 Resistors, Relays, ete. Loose-leaf 
Bulletins 8001, 251 and 72, and 1934 
price change notice Ward Leonard 
Electric Co., Mount Vernon, N. Y 

80 Temperature and Pressure Con- 
trollers. Folder briefly describes Spence 
Regulators. (Mfrs.’s name & address 
omitted. Imprint: The Bristol Co.) 

B8l Boiler Water Level Control. 
Folder briefly describes McDonnell line 
(Mfr’.s name and address omitted. No 
distributor's imprint.) 

Bs? Common Frequency Broadc asting. 
12-page technical bulletin titled “Syn- 
chronization System” describes equip- 
ment, theory of operation, etc. Western 
Electric Co., Inc Graybar Electric Co., 
New York City 

B83 Reeording Thermometer. 4-page 
description of new “Model 500” port- 
able 6” round chart instrument com- 
pensated for ambient temperature vari- 
ations and altitude. Moto Meter Gauge 
& Equipment Corp., New York City. 

B84 Flew and Level Control. S-page 
Bulletin 5944 announces new line of 
differential-pressure type recorder-con- 
trollers and describes various installa- 
tions for flow and level control. Taylor 
Instrument Companies, Rochester, N. Y 

B85 Self-operating Temperature Con- 
trollers, 8-page Catalog 36R describes 
construction and characteristics of new 
line Taylor Self-Acting Regulators. 
Taylor Instrument Companies, Roches- 
ter, N. Y. 

B86 Recorder-controllers. 8-page Bul- 
letin 5951 announces new “Fulscope” 
line of adjustable-sensitiveness auto- 
matic control instruments. Taylor In- 
strument Companies, Rochester, N. Y. 

B&87 ee + Slee Temperature 
Controllers. 8&-page ‘atalog TR de- 
scribes new models of the “Type P” 
line and gives installation diagrams. 
Taylor Instrument Companies, Roches- 
ter, N. Y¥ 

B88 Pyrometer Protection Tubes. ir- 
cular describes “Pynolag” line of tubes 
said to possess least heat-retarding 
characteristics. Louis C. Eitzen Co., 
New York City 

BS9 Thermostatic Bimetal, 32-page 
handbook covers subject from theory 
through design and construction to 
practical applications WwW. M Chase 
Valve Co Detroit, Mich 
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ings carrying the current or currents to be measured react in such a way 

produce a torque (or thrust) capable of quantitative determination. The n 
urement of the torque may be performed either by providing, and determi: 
the value of, an opposing torque to bring the moving coil to a standard pos 
of reference, or by measuring the deflection of the moving coil against a \ 
ing control torque. Such movements can be constructed to give great preci 
of measurement; and the dynamometer principle with a precisely meas 
restoring force is embodied in some of the earliest types of standard inst 
ments, such as the Siemens dynamometer, the Kelvin balance, and the W 
inghouse precision zero-reading instruments. At present a number of mal 


\ Fig. 31-12. Repulsion moving iron type of instrument movement 
—the Roller-Smith ‘‘Type GSA.’’ 


\ 





4 
<7 

Fig. 31-13. ‘*Tong-Test.’ 
(Crompton & Parkinson) 





employ this principle in their higher grades of instruments; and most working 
standards for alternating current are of the direct-deflecting electrodynami 
type. 

In electrodynamic elements a single moving coil works in the field produced 
by the fixed coils, usually two in number. Since the presence of iron in 
movement would generally introduce errors—by reason of the high inductance 
of the circuit, and of possible distortions of wave form—it is usual that sucl 
movements be “air-cored.” This of course means a less efiicient movement; 
in general an electrodynamic instrument takes from the measured circuit 
much greater amount of power than would be required by a d’Arsonval instru 
ment of the same measuring range. 

The leads which carry the current into the moving coil of an electrodyna 
element generally serve the dual purpose of electrical conductors and contr 
springs; and much of the quality of the instrument depends upon a proper 








Fig. 31-14 J Fig. 31-15 
Principle of the electrodynamic element. 

In Fig. 31-14, S and S’ are the two stationary coils which set up a magnetic field with its axis in the 
directions N-S. M is the moving coil, its normal position being as shown. As secon as current flows through the 
moving coil, it sets up a magnetic field with its axis, N’-S’. This results in a repulsion between N and N and 
S and S’, and an attraction between N and S’ and N’ and S, so that coil M tends to turn until its axis N’-S 
coincides with the axis N-S of the stationary coils. A spiral spring opposes this alignment, so that the deflection 
becomes a measurement of the product of the instantaneous values of the currents in the stationary and moving 
colls. The magnetic circuits contain no iron and consequently the instruments have very small inductance. *'9 
31-15 shows the position of the moving coil when the pointer reaches full scale. (Westinghouse) 
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Fig. 31-16. Movement and scale of a Westinghouse ‘‘Type HY’’ electrodynamic instrument. Note that divisions 
are most ‘‘open’’ throughout middle region of scale. 














a combination of electrical conductivity, mechanical elasticity and permanence 
© of characteristics under varying conditions of temperature, etc. In voltmeters, 
rking © the moving and fixed circuits are usually in series with each other and with a 
— © resistance of high value connected across the circuit. In ammeters, except in 
, © the lowest ranges, there generally is provided a shunt across the moving coil, 
luced © having such characteristics that the current will divide in correct proportion, 
dows © regardless of frequency, while the whole current is carried by the fixed field 
anar’ © coils. In the electrodynamic wattmeter, it is usual to carry the line current in 
mae © the fixed coils, and apply the line voltage, through a suitable resistance, to the 
™ moving coil. The torque then becomes the product of the currents in the tw 
fe © circuits, and hence proportional to the watts in the circuit 
sane ® Figs. 31-14 and 31-15 illustrate diagramatically the direct-deflecting electro 
om % dynamic element; and Fig. 31-16 shows a Westinghouse electrodynamic move 
ia ment. 
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Fig. 31-17. Principle of the Kelvin balance. SS—flexible-suspension Fig. 31-18 
: conducting strips. ‘*Hot-wire’’ principle. 

The Kelvin (or Thomson) balance, shown schematically in Fig. 31-17, de 

31-15 serves special attention as a highly precise form of electrodynamic element. In 
the current balance, a stationary and a movable winding are interleaved in a 

- - manner to produce a maximum mutual electromagnetic reaction with a mini 
"and mum of mutual and self induction. Each stationary coil is made up of two units 
on wound in opposite directions and producing a radial magnetic field in the space 
nora between. In this field swings a movable coil; and the reaction is such that the 


movable coil will tend to move up or down with a force dependent upon the 
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Ultra-Violet Radiation 


Meter and Indicator 
General Electric Co. 


WQ new instruments are announced 

for measurements of radiation in the 

region between 2800 and B00 A. 
One registers the amount of such radia 
tion falling on a unit surface in a given 


time and, therefore, is a meter; the other 
furnishes an instantaneous reading of the 
strength of any given source, and thus 
is an indicator. The integratin meter 
consists essentially of a cadmium type 





phototube serving as a radiation receiver, 
a d.-c. amplifier employing a screen-grid 
tube and dry batteries, and a four-digit 


cyclometer counter In operation, the 
photocell output accumulates on a ca 
pacitance until it reaches a uflicient 


quantity to cause discharge, thereby ac 
tuating the counting relay, and the proc 
ess Is repe ited as long as the receiver is 
exposed to ultra-violet radiation The 
unit thus counted is the “E-viton” pro 
posed by Luckiesh. (One E-viton | 1l0aw] 


per cm.2 1 erythemal unit.) The tube 
and case are easily port ible, the case 
dimensions being approx. 8 K1LO"Xx7 The 
indicator (illustrated) has a case ap 
prox. 8 KO" X74 and weighs 12 Ib com 
plete 





Distillation Curve Plotter 
Podbielniak Industrial Research Labs. 


RUE distillation curves are obtained 
by means of this new recorder. It 
consists of a specially modified po 
tentiometer recorder (Brown Instrument 
Co.) with the chart 
roll controlled through 


° —_ s * 
suitable gears by a Skink Ng pbb, 
large hand knob which 4 } A | 
also actuates a five | H 


digit cyclometer coun ao — 
ter. The fractionating f egeo)s | 
unit thermocouple is 

connected in the usual { { 

manner to position the 
pen on tne tempera 
ture scale. Instead of 
taking an autographic temperature-time 
record, the operator simply turn the 
knob to make the figures of the counter 
correspond to the pressure in millimeters 
at each stage of the process, as read by 
him on the distillation apparatus man 
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ometer. It is said that this recorder, 
therefore, eliminates much of the human 
element, simplifies operations, diminishes 
chances of error and yields unbiased and 
complete curves for permanent record 





Potentiometer Stabilog 
The Foxboro Co. 


EW fields of industrial process tem 

perature control are said to be 

opened up by the introduction of 
this novel combination of measuring and 
control elements. The measuring system 
is the Foxboro non-recording potentiome 
ter employing resistance bulbs or ther 
mocouples; the control system is the 
same company’s Stabilog. Both having 
been described in these columns, we may 
limit our detailed description to the 
means whereby the electrical tempera 
ture system is enabled to command the 
air-operated control system without sac 
rificing the accuracy of the former or 
the follow-up control characteristics of 
the latter. This is accomplished by a 
depressor-bar mechanism operating at 
a frequency of 18 cycles a_ minute 
(synchronous-motor or pneumatic-motor 
drive) to position the Stabilog flapper 
in accordance with the direction and 
extent of deflection of the potentiometer’s 
galvanometer pointer. Fig. 1 shows the 
essential parts: Any departure of the 
temperature in the furnace or other 
controlled apparatus from the setting 
point causes the galvanometer pointer to 
deviate from zero on the deflection scale. 
The relation of this deflection to the 
extent of departure is determined by 
the constants of the potentiometric sys 
tem and also by an easily accessible 
sensitivity adjustment, but in any event 
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Fig. 1 


it is linear, by reason of the tempera 
ture-e.m.f. relation and of the galva 
nometer scale law for the small angles 
involved. The pointer swings freely ex 
cept for a portion of every depressor 
bar mechanism cycle when detector arm 
D) rests on it. Lifter C rises and falls 
cyclically, first lifting detector arm D 
and then allowing it to move down rela 
tively slowly (not allowing it to drop on 
the pointer). 

Lifter C and detector arm D are each 
capable of altering the position of rocker 
G, but not both simultaneously. Once in 
each cycle, either C or D alters the posi 
tion of G, but only if the pointer deviates 
from zero: if the thermocouple tempera 
ture corresponds to the setting point 
there will be no change in the position 
of G and (since this determines the rela 
tion of flapper H to nozzle J) the Sta 
bilog system will not function to change 
the rate of B.t.u. supply to the furnace 
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strength of current flowing. This arrangement renders the movement sul 
tially immune to stray magnetic fields. The two moving coils are attached 
rigid structure and suspended by flexible leads. As their weights are bala 
the mass of idle material is kept at a minimum 

In the laboratory standard instruments of this type the force of react 
the coils is balanced by weights; and the process of measurement really ¢ 
in weighing the electromagnetic reaction. While great precision is 
obtainable, manipulation of the instrument is slow and cumbersome, 
very steady supply of current is required. The Kelvin balance is made 
ammeter (illustrated) with relatively heavy coils in series; and as a voltmet 
which the coils are wound of fine wire, with a suitable resistance box i: 
circuit. The instrument is also available as a wattmeter, having stationar 
rent coils and movable voltage coils. | 

While the Kelvin balance with gravity control is now little used, the . 
tromagnetic type of element finds application in a number of spring-cont: 
laboratory standards and recording instruments 





Fig. 31-19. General Elec- Fig. 31-20. General Electric Fig. 31-21. Modified form of volt- 
tric vane type electrostatic pan type electrostatic voltmeter. meter shown in Fig. 31-20. 
voltmeter. 


(c) Other Types 


In addition to the moving iron and electrodynamic types of measur! 
elements, both of which, of course, are electromagnetic in principle, mentio: 
may be made of two other types which, while not widely used, are recogni 
as practical measuring devices. 

The thermal expansion or “hot wire’ type of element depends upon the « 
pansion of a wire heated by the current to be measured, a very small movem: 
of the wire being mechanically multiplied into a relatively large pointer defl 
tion (see Fig. 31-18). This type, like the others dealt with in this Section, m 
be used with equal facility on direct and alternating current. The power « 
sumption is inherently greater than in the electromagnetic types, and is aln 
prohibitive in the hot-wire voltmeter. In the measurement of high-freque: 
currents, hot wire instruments are not subject to certain errors which n 
characterize electromagnetic types; but recently even in this application th 
have been to a great extent displaced by more efficient and accurate instt 
ments of other types. 

The electrostatic type has found considerable application as a voltmet 
preferably as a kilovoltmeter because its operating forces are relatively wi 
but it nevertheless is available as a practicable indicating instrument in rat 
as low as 150 volts full scale. Its great advantage lies in its low energy « 
sumption, ‘this being zero on direct current and usually of negligible value 
alternating current at commercial frequencies. Fig. 31-19 shows the Gen 
Electric vane type of electrostatic voltmeter; the G. E. pan type is show: 
Fig. 31-20 in its regular model, and in Fig. 31-21 as improved by Borde: 
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:ke its readings more dependable. The Ferranti electrostatic voltmeters deserve 
mention because of their small vane type elements and their ability to measure 
y potentials: the latest one is a “2!/y inch” instrument scaled 0-150 volts. 

Both the hot wire and the electrostatic principles can be used as wattmeters; 


t as such they cannot be said to have advanced beyond the laboratory stage. 


4, Elements Operable on Alternating Current Only 

The general type of instrument which performs measurement on alternating 
currents solely by virtue of the fact that these are alternating, is known as the 
induction type. In general, the principle is not unlike that of the “split-phase” 
motor.* The current under measurement is caused to produce an alternating 
feld in an air-gap wherein lies a rotor or electrically conducting non-maenetic 
metal. By means of a pole-shading circuit the alternating field is resolved into 
two out-of-phase components, thus producing a rotating field. The conducting 
rotor, lying in this field, is constrained to follow the traveling flux, and its 


torque is opposed by spiral springs. Fig. 31-22 is a diagram of a Westinghouse 


induction instrument. The induction element has found wide application as a 
voltmeter, ammeter and wattmeter; and while at present it is giving place to 
the moving-iron and electrodynamic types in indicating instruments, it prac 
tically monopolizes the field in the alternating-current watthour meter. Direct 
current passed through the circuits of an induction instrument produces no 
effect other than a slight tremor at the instant of being applied and removed 
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Fig. 31-23. Theo- 
retical crossed-coil 
measuring element. 
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Fig. 31-22. Circuit diagram of a.c. 
measuring element employing induction 
principle. Drum of moving element rotates 
in annular air gap G. Primary current passing through primary coils PP induces current in secondary coils SS. 
Induced current passes through auxiliary coils AA which are wound in opposite directions and distributed in slots 
in the two poles of the magnet to make the ‘‘pole-shading’’ circuit. (Westinghouse) 


5. Ratio and Position Meters 

A type of movement which has a rather broad application is known gener 
ally as the “crossed-coil” type. In it two coils are mounted upon a common 
shaft with their respective axes intersecting each other. These coils lie in a 
common field, and the movement has no control springs, the currents being led 
to the moving coils by soft untempered conducting filaments as nearly torsion 
less as possible. Thus, with no current flowing in the windings, the movement, 
when properly adjusted, should be in equilibrium at any point on the scale 
When current flows in the windings the moving element will take up a pos 
tion depending upon various factors but generally governed by the ratio of th 
currents in the two moving coils. 

The direct-indicating ohmmeter makes use of the crossed-coil principle, in 
a circuit wherein a definite voltage is applied to one of the coils through a series 
resistance, while the other coil is in series with the resistance to be measured, 
the whole moving element being in the field of a suitably formed permanent 
magnet. The movement thus takes up a position representative of the ratio of 
the value of the applied voltage to that of the current through the resistance 
to be measured, so that the scale may be graduated in ohms or in multiples 
thereof, 

The theoretical crossed-coil movement consists of two coils at right angles, 
rotatable in a parallel field, as in Fig. 31-23. Here the tangent of the angle of 
deflection from mid-position is proportional to the ratio of currents flowing in 
the crossed coils. In d.-c. work, if a core is introduced to strengthen the field, 


* 1 + 
f A single-phase induction motor equipped with an auxiliary winding, displaced in magnetic positior 
‘rom, and connected in parallel with, the main winding 
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or other controlled equipment. Should 
the thermocouple temperature fall beloy 
the setting point, galvanometer K deflect 


enough to 


side, I) descends fa 
ind rotate F 


to “low” 


engage G counter-clock wise 


until G is stopped by EB, and TL is moved 
foward J, initiating a corrective function 
by the Stabilog to supply more heat 
Should the temperature rise above the 
setting point, the pointer being on. the 
“high” side prevents engagement of DD 
and G, and it is C whieh rotates G cloel 
wise until stopped by D, moving flapper 
away from nozzle and causing Stabilo 
system to cut down rate of heat supply 
Thus, the initial “command” given by 
the thermal system to the Stabilog i 
proportional to the departure from the 


temperature which is to be maintained 


It is not an electrical impulse which can 
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closed, the operator can see the setting, 
observe the instantaneous deflection and 
read the gages for air supply and for 
air to control valve. Opening the outer 
door exposes all adjustments pertaining 
to process control, while the inner door 
protects the potentiometer and Stabilog 
mechanisms. Where records are desired, 
it is possible to tie in as many as six 
Potentiometer Stabilogs with one of the 
maker’s standard multiple-point record 
ing potentiometers. 





Temperature Controllers 


with Heat-motor Valves 
Wilbin Instrument Corp. 


LECTRIC power, from any light 

socket, operates the controlled 

valves (of any size); not, however, 
through a conventional motor but through 
a unique “heat motor.” Thus there are 
no rotary parts, levers or cams. “Nothing 
moves but the valve,” it is said, and in 
the event of current failure the valve 
returns to the safe position, never re 
maining partly open. Instead of a valve, 
a damper can be operated by the novel 
heat motor. A number of different com 
binations of thermostats, heat motors, 
etc., are announced. The following de 
scriptions are of two systems, each typi 
cal of the new line but each comprising 
distinctive elements and possessing dis- 
tinctive characteristics. 

1. Temperature Regulator with Type 
E Heat Motor. Schematic diagram, Fig. 
1, shows in section a room (Type LSR) 
thermostat but one of those with a re- 
mote bulb may be used. All are said to 
be “sensitive to a fraction of 1° F.” 
Thermostat chamber 2 is completely 
filled with liquid. In this chamber is 
flexible bellows 3, having its lower end 
closed and its upper end sealed to the 
top of chamber. Attached to inside of 
bellows is plunger 4 which actuates Micro 
snap switch 5. This switch is normally 
closed and opens with rising temperature 
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Valve 6, which thermostat 1 controls, is 
of the reverse acting type: opened by 
the action of the thermostat and closed 
by spring 7. Suspended below valve 6 is 
the heat motor. This consists of pressure 
chamber 8 to the base of which an elec 
tric resistance heater 9 is strapped. A 
flexible bellows 10 has the lower end 
closed and the upper end sealed to the 
top of pressure chamber 8. Valve-oper- 
ating plunger 11 is fastened to the bot- 
tom of the bellows, which is held expanded 
by the spring 12. When current is on, 
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as is done in d’Arsonval instruments, the flux tends to become uniformly 
radially distributed about the core, and the instrument loses its ratio-measur: 0 
characteristic and becomes unstable. In the Harris ohmmeter (Cambride. ) 
Figs. 31-24 and 31-25, this is overcome by forming each of the coils to ¢ 
two opposite quadrants of the core, so that as the movement rotates one 
moves into the flux as the other moves out. In the crossed-coil movement 
Hartmann ©& Braun, Fig. 31-26, the desired non-uniform flux distributio: 
obtained by the use of an elliptical iron core in a cylinder air-gap. 

Probably the best known application of the crossed-coil movement to tly 
measurement of resistance by ratio determination is to be found in Eversh 
“Megger” (Biddle), shown diagramatically in Fig. 31-27. Such instrum 





Fig. 31-25 





Movement of Harris Ohmmeter (Cainbridge). In Fig. 31-25, DD is the deflecting coil and CC the con 
trolling coll. 
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Fig. 31-26. Crossed-coil move- 
ment with elliptical iron core. 
(Hartmann & Braun) 
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Fig. 31-27. Electrical connections and magnetic circuit of Eversheds 

‘*Megger’’ (Biddle). Between the poles at one end of the pair of 

permanent bar magnets MM is armature D of the hand-driven generator, 

and between the poles at the other end is the moving system of the 

ohmmeter. This has three coils, A, B and B’, fixed together and free to rotate about axis 0. Coils B and B’, con- 

nected in series through resistance R across the generated potential, constitute the control element of the ohm- 

meter. When potential is applied they tend to turn counter-clockwise until they assume a position where the 

pointer indicates infinity on the scale. Coll A which for most of its travel is In a uniform radial magnetic 

field. Is in series with the generator, the ballast resistance R’, and the unknown resitsance connected to the 

terminals Earth and Line. The current flowing through A tends to turn the axis clockwise, in opposition to B 

and B’. When the Earth and Line terminals are short-circuited the torque produced by A overpowers that of B 

and B’ and the pointer stands over Zero. If now a suitable resistance is connected to the external terminals, the 

current from the generator has two paths available and will divide, part passing through coils B and B’ and part 

through coil A in series with the resistance under test. The result is that the opposing torques of the two ele- 
ments balance each other at a point on the scale corresponding to the value of the resistance connected. 


may be obtained in a wide variety of types and ranges, including a modified 
form which combines a Wheatstone bridge circuit for ordinary metallic resis 
tances with a “Megger” circuit for insulation resistances up to several thousand 
megohms. 

The crossed-coil movement has a number of important applications in a 
work; and here, with a solenoidal field coil, there may be obtained a reasonal 
straight uniform field, and an actuating torque comparable with that of ot! 
electrodynamic instruments. In the power factor meter, shown diagramaticall) 
in Fig. 31-29, the field coil is usually caused to carry a current representative o! 
the line current. One of the moving coils carries a current representative of t 
line voltage, while the other carries a current which is caused to differ in phas 
from the line voltage, thus associating a rotating field with the moving element 
and an oscillating field with the stationary part. (On polyphase circuits t 
two moving coils, being set at a suitable relative angle, may be excited fr: 
two phases of the system.) The moving element then tends to place itself i: 
position where the field in the fixed coil is in phase agreement with the 
sultant of the fields of the two moving coils; and as this position will vary 
the phase position of the line current as related to the line voltage, the indi 
tion of the instrument becomes representative of the power factor of the c 
rent in the individual conductor in which the current coil happens to be c 
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ected, and—only if the load on the system be balanced—of the whole load. 
in the case of unbalanced loads the reading of a power factor meter connected 
in but one line of the system may be very misleading; and an attempt to com 
bine readings of instruments connected in each of the lines may be equally 
erroneous. In such cases, where a reasonably balanced sinusoidal voltage exists, 
an acceptable reading of power factor will be obtained, whatever the conditions 
current unbalance, with an instrument having three current coils connected 
in the respective lines. Such instruments are not common, but where used they 
sive most satisfying results. 

The synchroscope is almost identical in structure with the power factor 
meter. The moving coil produces the equivalent of a rotating field from one of 
the two sources to be synchronized, while the fixed coil is excited from the volt 
age of the other source. The position of the pointer of the instrument will then 
he representative of the relative phase position of the two sources, and true 























Fig. 31-28. Ring-vane ratio move- 
ment. (Joens) 


Fig. 31-29. ‘‘Power-factor meter’’ principle. 


synchronism may be definitely indicated on the dial. In the Lincoln synchro 
scope (Westinghouse) the moving element rotates freely, and the pointer in 
dicates through the complete circle. In the Weston synchroscope the pointer 
swings through a limited angle, but its oscillatory motion is made to simulate 
rotation by concealing the pointer behind a translucent dial and illuminating 
it so as to cast a shadow on the dial by a lamp connected between the two 
sources. Thus, while the pointer is actually oscillating, the intermittent illum 
ination gives the illusion of continuous rotation, and for positions near syn 
chronism the result is fully as effective as a rotating indicator. 

A number of frequency meters also are based on the crossed coil principle, 
the currents flowing in the respective coils being governed by circuits having 
differing time constants, so that their relative values change with differing fre 
quencies of the system. The field is furnished from the line voltage; and the 
moving element takes up positions representative of the ratio of the currents, 
and hence of the frequency of the system. 

The MacGahan portable phase indicator (Westinghouse), is a variation of 
the rotating synchroscope, with one of its coils wound for current and the 
other for voltage. It has a scale marked off in “electrical degrees,” being a phase 
meter; but by reason of the fact that it uses stationary coils and a magnetic iron 
vane, instead of a dynamometer movement, its scale is a full circle and the elec 
trical degree graduations correspond to the geometrical 0 to 360 degrees 

Finally, the ratio-meter type of element, having no control springs, has found 
a wide application in several forms of telemetering apparatus, and as such will 
be dealt with further on. 


6. Scale Law 

The manner in which the length of a scale division varies from point to point 
along the scale is known as the scale law. If this length is constant the scale is 
said to be uniform or linear, and to have a straight line law. If scale divisions 
increase in length in going up the scale, in such a way that a change in value 
of the electrical magnitude gives a change in deflection proportional to the 
square of the value, the instrument is said to have a quadratic or square-law 
scale. In instruments of zero-reading types, where the actual measurement is 
always performed with the moving element in the one position, the reading 
being determined from a measurement upon the force required to restore it to 
that position against the influence of the actuating torque, the scale laws would 
be of but two types, the linear and the quadratic. In d’Arsonval movements, 
where the value of the measured magnitude is proportional to the product of 
that value by a constant quantity (the permanent magnet field) the linear law 
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This crank 
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by the travel of plunger 11 
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mally When plunger 11 is at 
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current to the heater. Chamber 8 im 
mediately starts to cool (assisted by ra 
diating fins) and stem 11 begins to travel 
downward. Switch 14 then at once closes 
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mostat switch 5 When 
the temperature surrounding thermostat 
1 reaches the point at which it is set, 
plunger 4 opens switch 5, thus interrupt 
ing the current to the motor. The latter 
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downward until the valve 6 is closed. A 
slight further downward 
the plunger then causes crank 13 to close 
switch 15 in the control box. This switch 
is shunted across the thermostat connec 
tions and is normally open. Closing it 
puts current again on the heat 
momentarily, causing a slight movement 
back and forth of the valve plunger, 
without actually opening the valve. This 
keeps pressure in the heat motor so that 
ready to open the valve 
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wide open position so long as the 
remains closed 


movement of 


motor 


it is instantly 
when the thermostat calls for more heat 
The cycle is then repeated. 

with Type 
schematic 


2. Temperature Regulator 
C Heat Motor. Fig. 2 is a 
diagram of one of these systems which 
requires a special type of Wilbin ther- 
mostat. (These thermostats have a range 
of 100° F. between 10° F. and 650° F, 
and may be had in indicating models.) 
A characteristic of systems with Type C 








heat motors is said to be that a 1° F 
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change at the thermostat bulb “will move 


any size control valve from open to 
closed, yet the valve travel can be ar 
rested at six positions between open and 
closed. Perfect throttling control is the 
result.” These systems are recommended 
“for the most exacting applications such 
as in the petroleum, dairy, rubber, tex 
tile and food industries.” Bulb 2, tube 
3 and pressure chamber 4 of thermostat 
1 are completely filled with a liquid of 
suitable temperature coefficient of ex 
pansion. Chamber 4 contains flexible bel 
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end closed 
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causing plunger 6 to actuate 
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mechanisms 
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contact 
trol valve 9 (of any 
normally held closed by spring 10. Sus 
pended below it is the heat motor 
principle to Type E described 
except that to valve actuating 
plunger 14, contact interrupter 15 is 
attached. Mounted in a box on the heat 
motor is mercury switch relay 16. This 
relay is normally closed. 

When current is on, heater 12 
up a pressure in 11 which 
bellows 13 spring 17, 
plunger 14 upward and opening valve 9 
wide. At the top of the valve stroke, 
relay 16 is opened mechanically by 
plunger 14. Radiating fins on chamber 
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closes again 
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As the controlled temperature ap 
proaches the point at which thermostat 
1 has been set, the first of contacts 18 
in the thermostat is closed, opening relay 
16 and allowing the valve to travel 
downward one sixth of its stroke. At 
that point, interrupter 15 will again 
open the circuit and close the relay, 
causing the valve to hold this throttling 


temperature at the 
to rise, the next one 
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continue 


position 
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of contacts 18 will close, causing valve 
to close a little farther, and so on until 


. throttling position is found at 
held constant, or 
closed entirely. The 


either 
which 
until the 


temperature is 
valve is 


cycle is then repeated. (Resistances in 
series with relay 16 reduce the current 
through commutator contacts 18 and 19 
to one watt for a.c. and half watt for 


d.c. This prevents sparking troubles. ) 
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would hold under conditions of zero reading, while in all movements wh 
both the fixed and the moving fields vary directly as the measured magnit 
the scale would be quadratic. In the zero-reading wattmeter, wherein the 
ured magnitude is represented by a product, which is responsible for the 
ating torque, the scale law would be linear. Examples of the above, in « 
the scale law conforms with mathematical precision to the linear or the 
are found in precision instruments of the torsion head type su 
standards, or of the gravity-controlled type, such as 


ratic law, 
the Westinghouse 
Kelvin balance. 
When the fixed and the moving parts of the actuating element of an in 
ment take up different relative positions through the scale, as is the case 
all direct-deflecting instruments, it may be said that no scale is exactly |i 
or quadratic, though the permanent-magnet moving-coil type of mover 
when well designed and carefully constructed, very closely approaches 
linear law, and induction type voltmeters and ammeters a quadratic law 
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Fig. 31-32. Scale of General Electric ‘‘Type PL-2’’ laboratory standard ammeter-wattmeter. Length of mean 
arc is 12 inches. The measuring element has an inherently quadratic scale law. The ampere scale is approximately 
quadratic; the watt scale has been rendered approximately uniform by the design. Both are vernier scales, each 
division subdivided into fifths, so that they can be read to tenths and even to fifteenths. 
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Fig. 31-33. Approximately logarithmic scale of an Everett-Edgcumbe instrument. Slightly less than actual siz: 
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Fig. 31-34. Approximately quadratic scale of a Rawson operating from a vacuum 


‘*Thermal Multimeter,’’ 
thermocouple in which the temperature-current relation follows a ‘‘square law.’’ In this example, therefore, the 


type of scale is primarily determined by an extrinsic factor, not by the scale law of the instrument movement 


Actual size. 


The scale law is governed by a number of factors, chief of which are (1) t 
manner in which the relative direction and intensity of the actuating for 
vary with changes in the position of the moving element and (2) the man 
in which the direction and intensity of the control force vary at the same ti 
These may be said to be the “geometry” of the actuating element and of 

control member respectively. 

A study of electrodynamic movements shows that even with a unifor 
distributed main field, the angle of action between the fixed and moving 
elements will have a great effect on the torgue for different positions of 
moving coil, and that this variation will be greater the wider the angle thr 
which the coil swings. In instruments of the moving-iron type, the strength 
distribution of the magnetic field will vary with the position of the mov 
part, so that neither of these types of instruments can follow an inhere: 
quadratic law. By modifications of the coil geometry in design it is possibl 
cause the to follow almost any desired characteristic; and alternat 
current ammeters and voltmeters having an almost linear scale law have | 
produced. In general, however, if an efficient design is desired, the scale sh 
follow the natural law of the instrument. 

Some makers of instruments have advocated the logarithmic scale, in w! 
the divisions at the lower end are long, progressively shortening as the to; 
the scale is approached, similar to those on the scale of a slide rule. The t! 
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cal basis of such a scale lies in the fact that a given error of reading entails 
same percentage of error at all points; but this advantage is generally offset, 
+ only by the engineering difficulties in producing such a scale, but by the 
ormal errors introduced in the event of a slightly bent pointer being cor 
ted for by adjustment of the zero. 


7, Damping 

It is not sufficient that an instrument for industrial purposes be accurate in 
‘ts indications: delays must be minimized. The ideal instrument should instantly 
indicate its reading when connection is made to the circuit, and should follow 
any variations in the measured magnitude without lag or oscillation. Such a 
condition is striven for by designers, but in practice be obtained, though some 
high-grade anstruments attain their readings so rapidly that the eye cannot 
follow the transition from zero to the final indication. When the pointer (or 
other indicator, or pen) of an instrument swings beyond the final reading and 
comes to rest only after a series of oscillations, the instrument is said to be 
“underdamped” and when the indicator approaches the final reading in an 
appreciable period of time, without actually passing that point, it is said to 
be “overdamped.” In general it is desirable to have the movement slightly un 
derdamped, in order that its free swing, while not appreciably delaying the 
making of an observation, may give an assurance of freedom from friction or 
sluggishness. For recorders, the damping requirements vary with the “speed” 
and other desired characteristics. “Critical damping” is that obtained when 
reducing the amount of damping would result in oscillations and increasing it 
would increase the lag.* 

Because of the relatively weak forces employed in electrical instruments, it 
is essential that mechanical friction as a factor in damping be entirely elim- 
inated and that resort be had to molecular damping, which may be said to vary 
with the speed of pointer displacement and to disappear as the parts come to 
rest. The damping principles used in electrical instruments may be classified as 
magnetic and fluid, the latter being subdivided into air damping and liquid 
damping. 

Magnetic Damping. In magnetic damping a light metal vane, disk or cy] 
inder, attached to the moving part, swings in the field of one or more perma 
nent magnets, the induced eddy currents tending to oppose the motion and 
therefore to reduce the oscillations of the moving element. In instruments of 
the permanent-magnet type the actuating coil may be wound on a closed metal 
form which is equivalent to a short-circuited turn in the field of the magnet: 
or the external circuit may be arranged in such a manner that currents set up 
in the winding of the coil by its motion in the field are used to oppose the mo 
tion and reduce the tendency to swing. Where magnetic damping is used in 
instruments not embodying a permanent magnet as a part of the primary meas 
uring element it becomes necessary to add a magnet and a vane, with a con- 
sequent increase in the weight of the moving part and of the instrument as a 
whole. In view, however, of the excellent performance which may be obtained 
with this form of damping, some makers prefer to use it despite the increased 
weight. 

Air damping is obtained by the use of a very light vane swinging in a 
chamber (usually fan-shaped) where it acts as a piston, and has its motion 
retarded by the entrapped air passing between the edges of the vane and the 
walls of the chamber. In order to obtain successful damping it is essential that 
very small clearances be used; but engineering difficulties in the production of 
a rugged and substantial design of such a damping device have been success- 
fully overcome, and many air-damped instruments (principally for a.-c. work) 
are in use. 

Liquid damping is limited almost entirely to graphic instruments, where, be 
cause of the relatively high inertia of parts, magnetic or air damping would be 
undesirably cumbersome. While the mechanical precision required for air 
damping is not here necessary, there is practically always a certain risk of the 
damping liquid becoming spilled. The most common damping liquid is oil, and 
it generally is desirable to select an oil with as low a temperature coefficient of 
viscosity as possible (without sacrificing other properties). In some 
glycerin is used; and by diluting it with water a wide range of definite vis 
cosities is available. Glycerin is hygroscopic, tending to change its consistency 
with weather conditions; its aqueous solutions are electrically conducting, and 
it has a tendency to corrode steel parts; therefore it should not be used except 
in specially designed damping systems. 


Cases 


pars , 
A complete discussion of the basic principles of damping will be found in Part One (Fundamentals of 
Instrumentation), Chap. III, Section 2 








Portable Current 
Transformers 
The Esterline-Angus Co. 


OR use with indicating and 

circuits of ill 
including 2500 
pri 


record 

ing instruments, on 

voltages up to ind 
volts, this new transformer has nine 
mary current ranges, of 10, 12.5, 25, 50, 
1O0, 160, 200, 400 and S800 amps. capacity 
The secondary capacity is 5 amps., adapt 
ing it to use with all standard a.c. am 
wattmeters and power factor 


rating 1 


meters, 
instruments. 


he volt-ampere 





25, and the transformer is compensated 
for a load of 15 volt-amperes, which high 
rating is said to enable one transforme 


to operate several instruments — simul 


taneously at high accuracy The cast 


aluminum cases are made for rough 
usage. After assembly, all 
removed from the windings and the case 
is then completely filled with an insulat 
This 
former safe to use in mines, manhole 
and damp places. The weight is 28 Ib 
The cores are made of a specially selected 


moisture 1 


ing compound makes the trans 


erade of electrical sheet steel, propor 


tioned to give exceedingly low ratio and 
phase angle errors. Each transformer i 
provided with a built in secondary short 
circuiting switeh for the 
the operator 


protection of 
Finish is black baked en 
amel and nickel plate 





Cross-hatching Device 
The Nelson Section Liner Co. 


OR use on the drawing board to 
produce perfect cross hatching, thi 
new instrument, manufactured of 


laminated Bakelite in opaque red, green, 
black and golden brown, is for use with 
the present ‘T square and 
easily operated and eliminates eve strain 


triangles, is 





Electronic Timer 
Westinghouse Elec. & Mfg. Co. 
YPE HA Electronic Timer measure 


out a preset length of time, from 


0.1 to 45 see., and closes or 
its contacts for that time 
itiating impulse given from a push but 
ton, foot treadle, or cam operated switch 
It is used for timing spot and projection 
welder current flow, X-ray 
and can be applied to any spot or pro 


opens 


ifter the in 


tining, ete., 
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jection welding machine now in service 
which is equipped with a magnetic main 
contactor. This timer is unusually rugged 
as the industrial grid glow tube operates 
the contactor directly without delicate 
intermediate relays. The grid glow tube 
is free from any effects of wide tem 
perature changes. Timing is variable by 
means of coarse and fine adjustments. 
The coarse adjustment consists of a tap 
switch for changing connections to fixed 
resistors. The fine adjustment is a wire 
wound potentiometer. Long timing peri- 


ods are thus made possible without the 
use of variable high resistance grid 
leaks. For applications requiring the 
highest accuracy, provisions can be made 
to eliminate entirely the errors inherent 
in closure of contactors. This is done by 
the use of an auxiliary contact on the 
main contactor arranged so that the 
timing is started from the instant the 
contactor—not the control switch—closes. 
The contactor in the unit has a contact 
capacity of 10 amps. at 115 volts and 
5 amps. at 220 volts a.c. 





Photoelectrically Balanced Recording Potentiometer 
By C. Owen Fairchild* 


N this radically new type of recorder- 

controller a_ sensitive mirror-galva- 

nometer is the primary controlling 
element in which an inertialess beam of 
light takes the place of the customary 
metal boom or pointer. The beam of light 
from the galvanometer to a photocell is 
interrupted by right and left shutters 
operated in synchronism with electric 
contacts in an electromagnetic circuit 
through which in turn are operated the 
moving contact of the Wheatstone bridge 
or potentiometer, and the recording and 
controlling mechanisms. The photocell is 
not a calibrated element but serves only 
to detect the direction of the light beam 
and bring the galvanometer to zero de- 
flection, according to the well-known null 
method of balancing an electric circuit. 
The new instrument, therefore, is not a 
“photoelectric potentiometer” in the sense 
which implies a balance of photoelectric 
currents. 

It is evident that the galvanometer is 
free at all times from mechanical en 
gagement. This, and its low moment of 
inertia, permit rapid balancing and con- 
trol actions. A high current sensitivity 
is available, permitting the use of high 
resistance, or of unusually long thermo- 
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Balancing Power Circuit. The opening 
before the photocell is divided by means 
of right and left shutters of offset out- 
line (Fig. 1) into five effective areas, a, 
b, c, d and e; c being the center. These 
shutters are raised and dropped alter- 
nately by two cams, right and left, and 
these with a third, the power cam, oper- 
ate three sets of contacts. A relay closes 
when the light beam from the galvanome- 
ter strikes the photocell, and opens when 
it is cut off by a shutter. Thus, if the 
light is in area a, raising the right shut- 
ter will not cut it off but if it is in area 
b, raising this shutter will let it strike 
the cell, and cut it off when the shutter 
drops. The right and left contacts are 
closed while both shutters are down, 
ready to stop the contact carriage when 
the light beam swings into area b, ¢ or 
d, The power contact is closed only while 
one or the other of the shutters is closed. 
At this time only one of the left and 
right contacts is closed. 

Now if the light is in area a the con- 
tact carriage (and the light beam) start 
to the right. The conditions for this are 
(1) relay closed, (2) left contact closed 
and (3) power contact closed. These 
conditions are met only while the right 
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couple leads without material loss of ac- 
curacy in balancing. Or, on occasion, an 
unusually low scale range does not re- 
quire an extremely low resistance and 
attendant disadvantages. The galvanome- 
ter, of course, is completely enclosed. A 
special feature is its platinum-gold alloy 
suspension of particularly high tensile 
strength. 


*Director of Electrical Research, C. J. Tag- 
liabue Mfg. Co. 
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shutter is up and the light is in a or b. 
If it is in a the relay does not open 
when the shutter drops, but if it is in 
b the light is cut off by the drop of the 
shutter and the relay does open. This 
results in the conditions (1) relay open, 
(2) left contact closed and (3) power 
contact open; and the carriage stops. 
Thus, when the light is in 6 the carriage 
takes a short step. When it is in a it 
will not stop because the conditions for 





stopping it are never fulfilled u 
reaches the end of the scale. The 
not fulfilled while the left shutter j 
because at this time the left cont 
open. 


Finally the light beam swings into «re, 


e and the relay remains open. In |} 


c is shown bounded by two edges of the 
shutters slightly off the center line. These 


two edges of the real shutters ar 

incident on the center line and a vir! ya 
area c results in this way: When the 
light beam is at the center, and on 
shutter rises half the light reaches the 
photocell, which is insufficient to cause 
the relay to close, but if the light js 
slightly off center and more than half 
the light reaches the cell, the relay may 
close. The necessary amount off center 
is half the width of the virtual area ¢ 

No adjustment of the timing of the 
shutters and contacts is necessary or 
provided for, the cams being mounted on 
a square shaft. A complete cycle of op 
erations requires 114, seconds, during 
which time the tests for the presence of 
the light-beam in one of the five areas 
are completed and the proper motion of 
the carriage controlled. 

The complete balancing power-circuit 
is shown in Fig. 2. The carriage is driven 
by a special Telechron motor RM, the 
field coils of which are connected to the 
contacts of two motor relays MR. These 
a.-c. relays are operated by the simu! 
taneous closing of the power contact, on 
of the left and right contacts and the 
d.-c. relay repeatedly mentioned as “the 
relay” in the preceding paragraphs. The 
motor relays are wired to stay closed 
until their coils are short circuited. This 
accounts for the continuous travel of the 
carriage as long as the light beam is in 
area a or e. They both are connected also 
to the coil of an electromagnetic stop 
EM which is lifted when the motor starts 
and engages a toothed wheel when the 
motor is disconnected. 
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The Photoelectric Circuit is shown in 
Fig. 3. The photocell is connected direct 
ly from plate to grid of the vacuum tube, 
the grid circuit of which includes a smal! 
adjustable condenser shunted by 70 meg 
ohms. The plate circuit includes the ¢ 
relay coil shunted by a condenser 
smooth out the intermittent direct cur 
rent. The lamp and the tube filaments 
are directly connected to low voltage 
sections of the secondary of the trans 
former. The photocell, of the vacuum 
type, is operated at low illumination 
(about 0.1 lumen) so that there is no 
effect on its life; and the vacuum tube 
can deliver many times the plate current 
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here, 5 or 6 m.a. intermittently, 
ile its 2.5 volt filament is operated 
1.7 volts. They will require replace- 
nt less often than the special lamp 
‘ich is designed to last one year. The 
.djustable condenser is employed prin- 
cipally as a factory adjustment to care 
for the characteristics of the tube, cell 
and lamp, and occasionally by the user 
to care for widely abnormal line voltage. 
[he simple Recording and Commu- 
tating Mechanism requires little descrip- 
tion. It merely serves, in a recorder, to 
turn the multiple switch, depress the 
stvlus wheel mounted on the contact 
carriage, and occasionally connect the 
standard cell. The mechanism is locked 
inactive while the contact carriage is 
traveling in one step from one recorded 
temperature to the next, and is released 
by the opening of the electromagnet EM. 
Fifteen seconds after this a record is 
made and the switch and stylus wheel 
turned. During these fifteen seconds, ten 
or fewer short steps as needed, are taken, 
to bring the contact accurately to the 
balance point. Once in every 120 rec- 
ords (30 to 60 minutes) a switch discon 
nects the thermocouples and connects the 
standard cell, causing the mechanism to 
record the standard current. Thus, not 
only is the condition of the battery ap- 
parent at all times, but small corrections 
can be made without readjustment of the 
current. The commutating switch with 
platinum-gold alloy contacts is complete- 
ly enclosed. These non-corrodible contacts 
require only a slight wiping action, and 
reliable electrical connection with each 
thermocouple is assured without appre- 
ciable wear over a period of years. 
Records appear as series of colored 
dots of great visibility, a type of ink 
being used which dries on the paper in 
a few seconds and stays on the ink pads 
for months. The standard instrument is 
wired for twelve thermocouples with 
convenient means for connecting fewer. 
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Fig. 4 


A cycle of twelve temperatures is ordi- 
narily completed in about five minutes, 
but for special purposes, with some lim- 
itations as to spread of the temperatures, 
this time can be reduced to 3 and even 
2 niinutes. Charts are 11” wide with a 
10” scale. Standard speed of 1” per hour 
(sixty days) is readily changed to 2, 3, 
4 or 6” per hour. The synchronous drive 
requires a.c. The chart (see Fig. 4) is in 
full view and the prominent stylus wheel 
serves as indicator. The dust- and fume- 
proof case, which measures 15” “ 12” 
x Ts merely contains the mechanism 
which, assembled to its own hardened 
aluminum alloy frame, not only swings 
out of the case but operates when swung- 
out—permitting thorough inspection with- 
out interrupting service. The terminal 
board has a compartment to itself, with 
a separate cover-plate. All power con- 
tacts are enclosed. The recorder weighs 
only 43 Ibs. complete. 


Re-evacuable Barometer 
Podbielniak Industrial Research Labs. 


OT less accurate than a precision 
type single-tube barometer, this 
radically novel type is shipped 
empty and filled at point of use with 
out special equipment and 

without disturbing adjust 

Ww ments or settings—of which 
there are not any. In addi 








Fi tion, a full range of pres 
sures extending from absolute 

= f vacuum to 800 mm. Hg. is 

yf a etched on the scale leg in 1 mm 
1b divisions. This scale takes into 

(3 In account corrections for irregu 
if lar bore, capillarity and tem 
4 perature. Guaranteed accuracy 
i} is said to be +£0.15 mm. over 


entire range when instructions 

| Ni for cleaning, filling and re 
|| evacuating are properly fol 

WY lowed. The barometer is of the 

U-tube form, is constructed of 

Pyrex glass and has a special head and 

mercury seal stopeock which permit 
cleaning and re-evacuating in the field. 





Heat Control Switch 


General Electric Co. 


OR use with heating equipment such 

as oil and gas burners, stokers and 

unit heaters, this new thermostatically 
controlled switch comprises a relay and 
a small 2-wind- 
ing transformer 
mounted in a 
pressed-steel enclo 
sure. The trans 
former furnishes 
approx. 20 volts 
for use across the 
contacts of a con 
trolling thermostat, 
which low voltage 
permits the device 
to be used in con 
junction with a 
close-differential 
thermostat. The re- 
lay itself a new 
development suit 
able for use as a separate device in 
control equipment can carry 10 amps. 
continuously and can be used to control 
a ¥%4-h.p. motor at 110 or 220 volts. 








Square Case Pressure and 


Combination Gages 


United States Gauge Co. 
ODERN design ideas are em 
bodied in the new cases in which 
the makers are prepared to sup 
ply their various types of pressure and 
combination gages. Any one combination 
can be produced, i.¢., combination bi 
metal thermometer and pressure and 
altitude gage, or combination glass. tube 
thermometer and pressure and altitude 
gage, or steam pressure gage with or 
without internal siphon, or compound 





pressure and vacuum gage with or with 
out retard features. All of these may be 
furnished bottom or back connected as 
required. The new design makes an at 
tractive installation on boilers having 
rectangular jackets and the 3',” size has 
been adopted by manufacturers of house 
heating boilers. Gages may also be sup 
plied with suitable adjustable flanges for 
concealed mounting. 





Distillation Apparatus 


Podbielniak Industrial Research Labs. 
OMPOUNDS with boiling points 
500°C. can be fractionated with 
this new apparatus, the design of 
which is based on the use of a vacuum 
jacket form of insula 
tion and of a wire coil 
packing. Distillations 
can be conducted at 
atmospheric pressure 
or at pressures as low 
as 2 mm. Hg. abs. It 
is said that extraor 
dinary sharpness of 
separation is obtained 
by reason of the de 
sign features men 
tioned and of the 
careful construction 
This new apparatus 
is designated as the 
“Model FE High Tem 
perature Fractionating 
\pparatus.” 


i 








''Ther-alti-meter" 
Jas. P. Marsh Corp. 


ROVIDING a means for convenient 
reading on the one instrument of hot 
water or low steam temperatures as 
well as pressures or feet of water, this 
new instrument is applicable for use on 
hot water house heating boilers, on steam 
apparatus where steam pressure and 
temperature are to be shown, on piping, 





Fig. 2 


Fig. 1 


etc. In standard construction it is made 
up with dial reading from 80 to 250°F., 
and from 0 to 30 Ibs. pressure and with 
altitude reading from 0 to 70 ft. of 
water. Over-pressure protection is pro- 
vided. The instrument is made up in 3! 
dial size, drawn case and ring, black all 
over finish or colors to match apparatus, 
also with nickel plated, chrome plated 
or polished brass finish. Standard with 
1," I.P.S., either bottom connected or 
lower back connection. As is evident 
from Fig. 1, there are two separate and 
independent mechanisms—one for tem 
peratures and the other for pressure or 
altitude. Both are of the Bourdon tube 
type. 
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Control Relay Sets 
Signal Engineering & Mfg. Co. 


OR two-wire control, these new in 
strument controlled relay sets consist 
of the relay itself, a condenser and 


in external resistor. For three-wire con 


trol (li, C and L) the sets consist of 
the relay and an external 
which, however, does 


resistor, as 


shown in Fig. 1, 





Fig. 1 


FOR HIGH VOLTAGE 
ON INSTRUMENT CONTACTS 
COW B LOAD VOLTAGE COMMON 


FOR LOw VOLTAGE 





Fig. 


Two 
housing, stamped steel and weatherproof, 


not show the housing. stvles of 
are available. The advantage is said to 
be that balanced sets for use with con 
tact-making instruments are at last 
available, all elements comprising each 
individual set having been matched to 
minimize current required for operation. 
Contact ratings up to 30 amps. a.c. or 
20 amps. d.c. are available. Momentary 
loads on instrument contacts, by virtue 
of proper balance, are from 0.008 to 0.18 
unp.-this maximum being that for 30 
amps. in load circuit. These sets have 
primarily been designed to operate from 
contact-making galvanometers, 
thermal instruments, ete. 


gages, 





Quick-signal Demand 
Meters 


General Electric Co. 


HE use of demand meters to assist 
T:: keeping the maximum demand at 

the lowest practical level loses much 
of its advantage when the signal or 
warning is given after the predetermined 
maximum demand has been reached. 
These new demand meters, it is said, 
successfully avoid this limitation by hay 
ing a set of alarm contacts so arranged 
that they will close if, for any elapsed 
part of the time interval, the “demand” 
(number of impulses to the demand 
meter) exceeds the predetermined value 
for that part of the time interval. In 
order to obtain this operation, the con- 
tacts must be actuated jointly by two 
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. Alarm contacts 

. Adjustment for alarm contacts 

Actual-demand pointer 

. Ideal-demand pointer 

. Time-interval disk 

. Adjustable setting ‘‘A’’ for predetermined maxi- 
mum demand 

7. Adjustable setting ‘‘B’’ for establishing starting 

position of ideal-demand pointer 
8. Time-interval pointer 


AVS wne 


separate members as follows: One mem 
ber (the ideal-demand pointer) is ad 
vanced at a predetermined but adjustable 
rate for the entire time interval, thereby 
giving a predetermined value of “de 
mand” for any elapsed part of the time 
interval. The other member (the actual 
demand pointer) is advanced 
step to show actual demand. It is ac 
tuated by impulses received through a 
contact device in the watthour meter 
with which the demand meter is asso 
ciated. Both members reset to their 
respective starting positions at the end 
of the time interval. 


Reid Bomb Bath 


American Instrument Co., Inc. 
|" order to measure the vapor pres 


step by 





sure of gasoline correctly by the Reid 
Bomb Method (A.S.T.M. D323-32T), 
the bomb must be held at a constant 
temperature of 100°F. +0.5°F., in a 
water bath. Developed expressly for that 
purpose, this new bath is designed to 





hold four Reid bombs, immersed up to 
their gages, at the specified tempera 
ture. A compact box on the side of the 
bath houses the control assembly (relay, 
switch, pilot light, ete.), and tempera 
ture is said to be held well within the 
specified limits by a “Quickset” bimetal- 
lic regulator and a “Lolag” immersion 
heater. The whole assembly works di 
rectly from the house current. No bat 
teries or auxiliary connections are re 
quired. 





Light Source for Photoce|| 


Applications ' 
Westinghouse Elec. & Mfg. Co " 


YPE E Light Source for use 
light-sensitive equipment is sai 
be specially useful where trai 


sion of the light beam over a consid 
distance is required, or where the 


em 
rate te: 
the loa 
ce Kamp 
sizes Uj 
a groul 
for loa 
pensati 
is sup) 
throug! 
automa 
cylinde 





space 
space Is 
above 1 
ball be 
venting 
in the | 
larger 
the te 
id justi 

beam must penetrate steam, dust, et wh 
as in steel mills, and still retain eno rhe 
intensity to operate the light-sensitiy: consist 
control reliably. An intensity of 24 foot smaller 
{ : load ri 


candles is obtained at 25 ft. (The i 
tensity varies inversely as the squaré 
the distance.) The Type E Light Soure 


indrica 
contint 








has an industrial lamp rated at 6 v pb 
5 amps. and 3000 hours life. Provisions Spring 
are included for adjusting the focus of linear 
the lens with respect to the lamp so tary m 
to locate the beam at the desired indicat 
without removing the cover. A_ trans dial fi 
former makes the lamp operable fron municé 
any commercial source of power except load cy 
d.c. The steel cabinet is suitable for to the 
either indoor or outdoor mounting. A epee 
infra-red filter to provide an_ invisibl into tl 
radiation beam is an optional accessor\ tion is 
: be det 

ing ha 

. . P 
GlassTransmission Spectrum Ds 


Analyzer and Recorder 2 
a sp £ 
The Pyrometer Instrument Co. = 
RANSMISSION characteristics 
different welding glasses, filters, et: 
in the ultra-violet and infra-red ca! 








be determined with ease, it is said, and hers u 
chart records obtained, by means of a the or 
new “Pyro” Super-sensitive Radiatior 3 eounty 
Tube, used in connection with the Pyro 4 Inc 
Rapid Recorder (Instruments, No in get 
1931, page 627). The new tube enable a in whi 
manufacturers and users of absorptiot 4 l 
ywlasses, etc., to make tests over a wide a d 
range of wave-lengths in a minimum of a p 
time. An indicating instrument is 0} a It 
tionally available in lieu of the Rapid q Sub 
Recorder. a 
. . . a 
Electric Erasing Machine wip 
Charles Bruning Co.., Inc. 3 iny ¢ 
NEW electric erasing mach 3 
combining lightness and comp 
ness, is designed to be held 
the fingers like a pencil, rather thar : er se 
the fist, and thus enables the operat! E value 
to maintain accurate finger control. |! 3 in thi 
machine is driven by a self-contai hk 


electric motor operating on both 
ac. and 110 d.c. A complete assortn 
of pen and pencil erasers is furnishe: 


























Spring-loaded 
Testing Machines 


Baldwin-Southwark Corp. 
LTHOUGH the idea of the use of 


a helical spring as a load weigh 

ing means had been applied to 

cmall testing machines, such use on 
rger equipment had to wait on devel 
opments in metallurgy. Recent advances 
have made possible sensitive and accu 
rate testing machines using springs for 
the load reactors. The Southwark Hey 
dekampf Testing Machine, announced in 
sizes up to 200,000 Ibs. capacity, utilizes 
, ground and lapped ram in a cylinder 
for load production and for strain com 
pensation (Fig. 1). Fluid under pressure 
is supplied by a motor-driven pump 
through appropriate control valves and 
automatic by-pass mechanisms. The load 
evlinder is mounted above the working 
the compression testing 





space so that 
space is above the tension. The cross-head 
above the cylinder contacts a large steel 
ball between itself and the ram for pre 
venting binding of ram on cylinder walls 
in the event of an off-center load. In the 
larger machines the cross-head between 
the tension and compression spaces is 
adjustable and is usually motor-operated. 

The weighing and indicating system 
consists of an auxiliary ram (of much 
smaller diameter than that of the main 
load ram) in a ground and lapped cyl 
indrieal sleeve which is made to rotate 
continuously while testing is being done, 


a eross-head attached to two Chatillon the other a right-hand 
that they have a negligible temperature 
coefficient, so that temperature variations 


Springs, and mechanisms to convert the 
linear motion of the cross-head into ro- 


in tandem, one having 





Fig. 2 
a left-hand and tion of the recorder drum is proportiona 
helix. It is said to load, the drum being actuated | thre 
cross-head of the weighing vsten 


fecuracy: Manufacturer reports tl 


tary motion of the spindle carrying the between 0° and 120 have no appre i recent calibration with Morehouse pro 
indicating hand before the 20” diameter ciable effect on accuracy or on sensitiv ing rings showed an average deviation 
dial face. The auxiliary cylinder com itv; and that having negligible hysteresis, of 0.16% in 17 readings in 5 ranges, with 

municates by a large pipe with the main creep and time-strain effects, they pre 1 maximum single deviation of 15 
load cylinder. This connection is not made sent strictly straight line characteristics tbove 6% full capacity of the machine 
to the pipe supplying the fluid under in the working range. \ modification of this type is the 80-Ib 
pressure to the main load cylinder, but The new machine is usuallv built with testing machine, Fig. 2. The dial gage i 
into the cylinder proper. This construc- five ranges obtained with three sets of double faced and rota 
tion is such that no pump pulsations may springs. “Thus, a 50,000-lb. machine may tions of the indicating its axi 
be detected in the action of the indicat have in addition a 25,000-Ib., a 10,000-Ib., are necessary to 30-Ib 
ing hand. a 5,000-Ib. and a 2,000-lb. full-scale range. The dials are graduated ind 
What is said to be a unique feature of (An arrow indicates at any time (1) the are readable to 4 drams ireful read 
ing, to 2 drams). Loads ipplied by 


this type of testing machine is the use 
of specially designed and constructed 
springs, each consisting of two springs 


load per division, (2) the range and (3) 


the serial numbers of the springs in use. hand and either tension 


A recorder is usually built in. The rota tests are possible 





compre lor 


DISCUSSION OF BEITLER'S ORIFICE COEFFICIENTS ARTICLE 


bers used in the article were the values at the outlet face of 
the orifice, which are the values most commonly used in this 
country. 

In calculating the values of the Reynolds numbers (R,) used 
in getting Fig. 5, the familiar formula R, Vdp/m was used 
in which 

I” = velocity in ft./see. 

d = orifice diameter in ft. 

p = density of fluid at outlet plane of orifice, lb./ft.% 
= absolute viscosity, lb./sec. ft. 

Substituting for V values calculated, using the formula 

C 
V x V2eh 
\ he 
and putting in the proper constants, this formula becomes for 
iny compressible fluid 
Ry = 0.914 F’i,di, V Re P 


. i 
assuming that the coefficient of the orifice C is 0.60, that the 
value of 9 is 32.2 and that water has a density of 62.37 Ib./ft.3 
In this formula 
I’, = factor for velocity of approach = 1/y 1 r4 
: orifice diameter 

where r ratio - : 

upstream pipe diam. 


(Continued from Page 44) 
d;,, = orifice diameter in inches 
We differential pressure in inches of water 


For air at 60° F. this formula can be further reduced 


Ris 5450 BF d a % | Te 


where P ibs. pressure, Ibs./in 
using the values of “R” the gas constant for ait 3.3 d 
m 0001209, 

If we assume that the pressure at the downstream plane of 
the orifice is the upstream pressure less one-half the differenti 
(which is only an approximation) this reduces to 

Ws 143,300 d F 
For a li »” orifice 
- 215,000 FF 
In a 14” line, Ry then equals 215,000 
for F LO00OL while in a 2” line where 
r .15, F, 1.210 and R, would be equal to 260,000 

In deriving this formula two issulmption have been mace 
One is that the coefficient of discharge is 0.6 and the other that 
the pressure at the orifice section is equal to the average of the 
upstream and downstream pressures 

The maximum error in R, from the first assumption i 2 or 

1% from Fig. 5, and if the pressure at the orifice plane ' 
issumed to be the same as the pressure at the upstream on 
downstream pressure connection, the maximum error due to the 
second assumption would be only +3%, so that the tot erro 


INSTRUMENTS 
March 1934—Page 61 














possible would be +4% on the value of Ry. This small differ 


ence in the value of Ry will show practically no change in co- 
eflicient so that the values of coefficient found using the values 
of R, calculated from the above formula should be as accurate 


as the curves. 


The statement “corrected for compressibility” then meant 


that the coefficients for Fig. 5 are those for air at the given 


conditions, assuming that there is no correction for compressi 


bility, and a compressibility factor would have to be used to 


get actual coefficients for air under the given conditions. 


The two lower figures on the abscisse scale in Fig. 5 are the 


correct ones and the rest should be changed to correspond. 


Fig. 6 was determined in the same manner as Fig. 5, using 
the same values of Ry. It was put in the article to show the 
close agreement with Witte’s values and not primarily as a 
coefficient curve. However, it can be used in a similar manner 


to Fig. 5. 


The values for coefficient of air at the given conditions were 
used because they gave about the average coefficient values 
over the range ordinarily used and the corrections for change 
in Reynolds number would be either plus or minus. It is much 
more difficult to set up any similar standard for water, as 
most water meters operate at a point in the coefficient-R, 
curves where the coefficient is varying more rapidly with a 
change in Ry. For this reason nothing has been done on setting 
up a liquid standard curve. A curve for water at about the 
same differential would be approximately 34 of 1% higher than 


the corresponding curve for air. 


I hope that the above discussion will clarify some of the 


points raised by Mr. Dawley and assist others who may want 
to use the values taken from the paper. 

The Ohio State University S. R. Berrier 
Columbus, Ohio, Feb. 15, 1934 Asst. Prof. Mech. Enqq. 


Final Comments 
To the Editor 
Thank you for letting me see Prof. Beitler’s answer in ad 
vance of publication. Now here is my answer to your question: 
The main reason why my Reynolds number differed from his 
was that I used the value of viscosity for air at one atmosphere 
which is given in paragraph 106 of the latest (Third) edition 


autosy 





Smallest self-synchronizing motor 
for remote .adications 


Unusually small dimensions, low weight and accurate re- 
sponse to delicate variations, qualifies AUTOSYN for hun- 
dreds of remote indicating applications. Write for data. 


PIONEER INSTRUMENTS 


PIONEER INSTRUMENT COMPANY INCORPORATED 


Brooklyn - New York: A subsidiary of the Bendix Aviation Corporation 





of Part 1 of the A.S.M.E. Fluid Meter Committee’s Rep 
an authoritative work which we all use as a standard gs 


and which Prof. Beitler cites again and again. The valur as 
given there is 0.0000178 in English units, whereas Prof. Beitley 


it now appears from his letter—used the value of 0.0000! 209 
I presume he is right, because I note that the values in jar 
106 do not check with Table 2 in par. 109. 

I am glad I raised these questions, because if engine: 
general are to make use of Reynolds numbers they will 
to know how to figure these numbers correctly. Data o1 


solute viscosity are not readily available and certainly the 


A.S.M.E. report ought to be a reliable source. 
I think the Reynolds number for the water coefficients 


ig 
4 of Beitler’s article) should be figured out; and a sample 
calculation shoujd be given, so that anyone trying to use these 


curves would have a guide for checking on his own calculatioy 
of the mumber. 

It seems to me, on the whole, that the air curves should be 
used with caution, as they are based on tests with water and 
on the assumption that the air coefficient is the same for th 
same Reynolds number. 


New Jersey Meter Co. C. A. Dawtey 
Plainfield, N. J., Feb. 19, 1984 Chief Engi 


C6 


Mea Culpa 


Whatever points in Professor Beitler’s article needed elu 
dation are now clarified by this discussion. 

Professor Beitler generously refrains from mentioning that 
it was your editor who requested him “to present as many 
facts as possible in a minimum of words.” This is not our usua 
policy but his important graphs did require lots of spac 
order to be easily readable (hence accurately usable) and s0, 
his original manuscript did look somewhat bulky in relatior 
to the space left. 

One last point: Professor Beitler’s caption under Fig 
should be understood to mean that the Reynolds number has 
been corrected for an air density corresponding to a pressuré 
of 30” of mercury minus 25” of water. It should not be under 
stood to mean that the coefficient has been corrected for the 
change in density of the air.—M.F.B. 





Electron Oscillograph 





A convenient tool for the observation of wave 
shape and 


peak 


currents occurring with 
switching. Draws negligible power. 


Self contained—portable—inexpensive 
Three-inch screen 

Sensitivity: 75 volts per inch 

Operates from 110-volt 60-cycle source 
Price (including tube): $80.00 


Described in Bulletin EX-3307-I 


GENERAL RADIO COMPANY 
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INSTRUMENTS INDEX 


of instruments and devices for measurement, inspection 


or control 


if vou are unable to find what you require in this section of 
INSTRUMENTS—write Information Section, Instruments Publishing 
he Company. Give complete information of requirements. 





AIR METERS ‘ 
American Meter Co. 
Bailey Meter Co. 
Bristol Co. 

Brown Instrument Co. 

Foxboro Co. 

Pioneer Instrument Co. 
Taylor Instrument Cos. 


ALTIMETERS 
General Electric Co. 
Taylor Instrument Cos. 
ALTITUDE BAROMETER 
Taylor Instrument Cos. 


AMMETERS—Indicating 
General Electric Co. 
General Radio Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 

Weston Elec. Inst., Corp. 

Recording 
Bristol Company 
Brown Instrument Co. 
Esterline- Angus Co. 
General Electric Co. 
Pioneer Instrument Co. 
Roller-Smith Co. 

ANEMOMETERS 
Bristol Company 
Esterline-Angus Co. 
Taylor Instrument Cos. 

ASPHALT TESTING 

APPARATUS 
Taylor Instrument Cos. 
ASTRONOMICAL 
INSTRUMENTS 
Gaertner Scientific Corp. 
ATTENUATION NET- 
WORKS 
General Radio Company 
Ward Leonard Elec. Co. 
AUDIO-F REQUENCY 
OSCILLATORS 
General Radio Company 

BALANCES 
Roller-Smith Co. 

BALANCING MACHINES 
Baldwin-Southwark Corp 
General Electric Co. 

BAROMETERS—Aneroid, 
Mercurial, Recording 
Bristol Company 
Gaertner Scientific Corp. 
Taylor Instrument Cos. 

BATTERY TESTERS 
Roller-Smith Co. 

Weston Elec. Inst., Corp. 

BEARING TESTERS 
Burgess Labs., Inc., C. F. 

BIMETAL ELEMENTS 
W. M. Chace Valve Co. 

BOARDS: INSTRUMENT 
Bailey Meter Co 
Bristol Co. 

Brown Instrument Co. 
Foxboro Co. 
Thwing Instrument Co. 

BOILER METERS 
American Meter Co. 
Bailey Meter Co. 

BRAKE TESTING 

METERS 
Rawson Elec. Inst. Co. 

BRIDGES, ELECTRICAL 

Capacity, Inductance, Kelvin 

Resistance, Temperature, 

Wheatstone, Percent 
General Electric Co. 
General Radio Co. 
Roller-Smith Co. 

Thwing Instrument Co 

CABLE TESTERS 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 

CALORIMETERS 
American Meter Co. 
Gaertner Scientific Co. 

CAPACITANCE METERS 
General Electric Co. 
General Radio Co. 
Roller-Smith Co. 

Weston Elec. Inst. Corp. 

CARBON DIOXIDE 
- ke RS 

Town Instrument Co. 
Foxboro Co. > 

CATHETOMETERS 
Gaertner Scientific Corp. 

CHLORINE GAS FLOW 

INDICATORS 

lorey & Jones, Ltd. 

CHRONOGRAPHS AND 

CHRONOMETERS 
Esterline- Angus Co. 
Gaertner Scientific Corp. 
General Electric Co. 
General Radio Co. 

CLINOMETERS 
Baldwin-Southwark Corp. 

CLOCKS—Gage Board 
Brown Instrument Co, 
Bristol Company 
Estertine-Angus Co. 
Foxboro Co. 

Pioneer Instrument Co. 


coILs 
Resistance, Inductanee, 
Speei 


General Electric Co. 
‘al Radio Co. 
Roller-Smith Co. 


COIL TESTING EQUIP- 
MENTS 


General Electric Co. 
Roller-Smith Co. 
Thwing Instrument Co. 
COLORIMETERS 
General Electric Co. 
Thwing Instrument Co. 
COMBUSTION CONTROL 
EQUIPMENT 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Morey & Jones, Ltd. 
Pioneer Instrument Co. 
COMMUNICATION 
MEASURING 
INSTRUMENTS 
Esterline- Angus Co. 
General Radio Company 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
COMPARATORS 
Gaertner Scientific Corp. 
General Electric Co. 
COMPASSES 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
CONDENSE RS—Eleetrieal 
General Electric Co. 
General Radio Co. 
CONDUCTIVITY METERS 
indicating, Recording, 
Controlling 
Esterline- Angus Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
CONTOUR MEASURING 
PROJECTOR 
CONTROLS, AUTOMATIC 
Combustion 
Bailey Meter Co. 
Morey & Jones, Ltd. 
Condensation 
Bristol Company 
Taylor Instrument Cos. 
Damper 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Morey & Jones, Ltd. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Feed Water 
American Meter Co. 
Bailey Meter Co. 
Bristol Co. 
Brown Instrument Co. 
Foxboro Co. 
Filter Rate 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Flow 
American Meter Co. 
Bailey Meter Co. 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co. 
Humidity 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Humidity & Temperature 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Liquid Levet 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co. 


Materials Testing. 
Baldwin-Southwark Corp. 
Pressure & Vaeuum 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co. 
Taylor Instrument Cos. 
Pyrometer 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Thwing Instrument Co. 
Rate-Velume 
American Meter Co. 
Foxboro Co. 
Refrigeration 
Bristol Company 
Brown Instrument Co. 
Taylor Instrument Cos. 


Specific Gravity 

Bailey Meter Co. 
Tachometer 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Pioneer Instrument Co. 

Weston Elec. Inst. Corp. 
Temperature-Time 

Bristol Company 

Brown Instrument Co, 

Foxboro Co 

Pioneer Instrument Co. 

Taylor Instrument Cos. 
Thermometer 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Foxboro Co 

Taylor Instrument Cos. 

Thwing Instrument Co 
Thermostat 

Bristol Company 

Brown Instrument Co, 

Foxboro Co. 

Pioneer Instrument Co. 

Taylor Instrument Cos. 

Thwing Instrument Co. 
Time 

Bristol Company 

Brown Instrument Co. 

Foxboro Co 

Taylor Instrument Cos. 
Vacuum 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co, 

Foxboro Co 

Taylor Instrument Cos. 
Valve—Motor Operated 

Bristol Company 

Brown Instrument Co. 

Foxboro Co 

Taylor Instrument Cos. 
Voltage A.C. 
Water Level 

American Meter Co. 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Foxboro Co 

Pioneer Instrument Co. 

Taylor Instrument Cos 
COUNTERS—Magnetic 

Esterline- Angus Co 

Thwing Instrument Co. 
Revolution 

Baldwin-Southwark Corp. 

Bristol Company 

Brown Instrument Co. 

Pioneer Instrument Co. 
Stroke 

Baldwin-Southwark Corp. 

Bristol Company 
CREEP TESTER 

Baldwin-Southwark Corp. 
CUBIC FOOT BOTTLES 

American Meter Co. 
CURRENT RECORDERS 

Bristol Company 

General Electric Co. 

Esterline- Angus Co. 

Roller-Smith Co. 
CYCLE CONTROLLERS 

Bristol Co 
CYCLE COUNTERS 

General Radio Co 
CYCLOMETERS 
DAMPING TESTER 

Baldwin-Southwark Corp. 
DEFORMETER (Beggs) 

Baldwin-Southwark Corp. 
DEMAND METERS 
Gas 

Foxboro Co 
Electric: Indicating, Re- 
cording, Printing 

General Electric Co. 
DIVIDING HEAD 
Optical 
DIVIDING MACHINES 

Gaertner Scientific Corp. 
DRAFT GAGES—See Gages 
DYNAMOMETERS 

General Electric Co. 

Rawson Elec. Inst. Co. 

Weston Elec. Inst. Corp 
EARTH CURRENT 

METERS 


Rawson Elec. Inst. Co. 
Roller-Smith Co 
ELECTRIC TELEMETERS 
—See Remote Metering 
Equipment 
ELECTRIC WAVE FILTER 
SECTIONS 
General Radio Company 
ELECTROMETERS 
ELECTRONIC METERS 
Esterline-Angus Co 
General Electric Co. 
General Radio Co 
Rawson Elec. Inst. Co. 
ENGINE INDICATORS 
Baldwin-Southwark Corp. 
ENGINE REVOLUTION 
COUNTERS 
EXTENSOMETER 


Baldwin-Southwark Corp. 


FATIGUE TESTERS 
Baldwin-Southwark Corp. 
FAULT FINDERS 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 
FLASH & BURNING 
POINT TESTERS 
Taylor Instrument Cos. 
FLOW METERS 
Indicating 
Bailey Meter Co. 
Brown Instrument Co. 
Morey & Jones, Ltd. 
Pioneer Instrument Co. 
Indicating & Recording 
American Meter Co. 
Bailey Meter Co. 
Brown Instrument Co. 
Foxboro Co 
Pioneer Instrument Co. 
integrating & Recording 
American Meter Co. 
Morey & Jones, Ltd. 
FLUE GAS ANALYZERS 
Brown Instrument Co. 
FLUXMETERS 
Rawson Elec. Inst. Co. 
FREQUENCY METERS 
Indicating 
General Electric Co. 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 
Recording 
Bristol Company 
Esterline-Angus Co. 
General Electric Co. 
Standards 
General Radio Co. 
FURNACE CONTROLS 
Bailey Meter Co. 
Bristol Company 
Taylor Instrument Cos. 
GAGES 
Absolute Pressure 
American Meter Co. 
Bristol Company 
Brown Instrument Co, 
Foxboro Co 
Taylor Instrument Cos. 
Amplifying 
Comparator 
Cylinder 
Deformation 
Baldwin-Southwark Corp. 
Dial 
Differential Pressure 
Bailey Meter Co. 
Brown Instrument Co. 
Foxboro Co 
Morey & Jones, Ltd. 
Pioneer Instrument Co 
Draft 
Taylor Instrument Cos 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos. 
Drill 
Bausch & Lomb Optical Co 
Filter Rate 
Morey & Jones, Ltd 
Flow 
American Meter Co 
Bailey Meter Co. 
Brown Instrument Co. 
Morey & Jones, Ltd. 
Liquid Level 
American Meter Co 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co 
Esterline-Angus Co 
Foxboro Co 
Morey & Jones, Ltd 
Pioneer Instrument Co 
Taylor Instrument Cos. 
Paper Thickness—Con- 
tinuous 
Thwing Instrument Co 
Pitch Diameter 
Pressure 
American Meter Co. 
Bailey Meter Co. 
Baldwin Southwark Corp. 
Bristol Company 
Brown Instrument Co, 
Esterline-Angus Co. 
Foxboro Co 
Taylor Instrument Cos. 
Pressure- Temperature 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Esterline-Angus Co. 
Foxboro Co. 
Taylor Instrument Cos. 
Pressure & Vacuum 
Balley Meter Co. 
Bristol Company 
Brown Instrument Co, 
Esterline-Angus Co, 
Foxboro Co 
Taylor Instrument Cos. 
Profile 
Rain 
Esterline-Angus Co. 
Taylor Instrument Cos. 
Recording—Distance 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co, 
Esterline- Angus Co. 
Pioneer Instrument Co, 
Taylor Instrument Cos. 
Strain 


Baldwin-Southwark Corp. 


General Electric Co 
Tester 


Baldwin-Southwark Corp. 


Thiekness 
Esterline-Angus Co. 


Vacuum 
Esterline-Angus Co. 
General Electric Co 
Taylor Instrument Cos 

Volume 
American Meter Co 
Brown Instrument Co 
Foxboro Co. 

Wind 
Bristol Company 
Brown Instrument Co. 
Esterline-Angus Co 

GALVANOMETERS 
American Meter Co 
Brown Instrument Co. 
General Radio Co 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
Taylor Instrument Cos. 
Thwing Instrument Co 
Weston Elec. Inst. Corp. 

GAS ANALYTICAL 


Electrical 
Brown Instrument Co 
GAS FLOW INDICATORS 
American Meter Co 
Morey & Jones, Ltd 
GAS LEAK INDICATORS 
Taylor Instrument Cos. 
GAS-METERS 
American Meter Co 
Bailey Meter Co. 
Brown Instrument Co 
Foxboro Co 
Dry Test 
American Meter Co 
Wet Test 
American Meter Co 
GOVERNORS 
Pressur 


e 
Bailey Meter Co 
Bristol Company 
Brown Instrument Co 
Taylor Instrument Cos 
Pump 
Bailey Meter Co 
Taylor Instrument Cos 
Water Wheel 
Baldwin-Southwark Corp. 
GRAVITOMETERS 
American Meter Co 
Thwing Instrument Co 
GROUND DETECTORS 
Roller-Smith Co 
Weston Elec. Inst. Corp. 
HAND TALLEYS 
HARDNESS TESTERS 
Baldwin-Southwark Corp. 
HELIOSTATS 
Gaertner Scientific Corp 
HIGH FREQUENCY 
APPARATUS 
General Radio Co 
Rawson Elec. Inst. Co 
Roller-Smith Co 
Weston Elec. Inst. Corp. 
HIGH VOLTAGE 
indieators 
Roller-Smith Co 
Weston Elec. Inst. Corp. 
Measuring Dovices 
General Electric Co 
Roller-Smith Co 
Weston Elec. Inst. Corp. 
Testing Devices 
General Flectric Co 
HUB ODOMETERS 
HUMIDITY CON.- 
TROLLERS 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
HUMIDITY RECORDERS 
Wet & Dry Bulb 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
Thwing Instrument Co 
HYDROGEN ION METERS 
HYDROMETERS 
Taylor Instrument Cos. 
HYGROMETERS 
Brown Instrument Co. 
Foxboro Co 
Taylor Instrument Cos. 
ILLUMINOMETERS 
eston Elec. Inst. Co 
INDICATORS—See Gages 
INDUCTANCES 
General Radio Co 
INSTRUMENT CALIBRA- 
TION AND REPAIRS 
Esterline-Angus Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Cr 
Weston Elec. Inst. Corp. 
INSTRUMENT TRANS- 
FORMERS 
Esterline-Angus (Co 
General Electric Co 
Roller-Smith Co 
Weston Elec. Inst. Corp 
Split Core 
Roller-Smith Co 
Phase Shifting 
INSULATION TESTING 
EQUIPMENT 
General Electric Co 
Roller-Smith © 
INTERFEROMETERS 
Gaertner Scientific Corp. 
KEYS AND SWITCHES 
General Radio Co 
LABORATORY RHEO- 
STATS 
LACTOMETERS 
Taylor Instrument Cos 


Wye, Preeision 





Taylor Instrument Cos 


MAGNETIC RELAYS 
Roller-Smith C« 
MAGNETOMETERS 
Roller-Smith Co 
MANOMETERS 
Balley Meter Co 
Bristol Co 
Brown Instrument Co 
Foxvoro Co. 
Morey & Jones, Ltd 
MASTER CLOCKS 
Gaertner Scientific Corp 
General Electric Co 
MEASURING MACHINES 
Gaertner Scientifie Corp 
MEGOHMMETERS 
General Radio 
Roller-Smith Co 
MEGOHM VOLTMETERS 
Roller-Smith Co 
Weston Elec. Inst. Corp 
MICRGAMMETERS 


Esterline-Angus Co 


General Electrie Co 
Rawson Elec. Instru. Co. 
Roller-Smith ¢ 


Weston Elec. Inst, Corp. 
MICROFARAD METERS 
General Radio Co 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 
MICROMETERS 


Gaertner Scientifie Corp. 
MICROMETER SLIDES 

Gaertner Scientific Corp. 
MICROSCOPES 
Brinell 

Gaertner Scientific Corp. 
Measuring 

Gaertner Scientific Corp. 


Metallographic 
Petrographical 
Toolmakers’ 

Gaertner Scientific Corp. 
MICROTOMES 
MILLIAMMETERS 

Bristol Company 


Esterline- Angus Co 
General Electrie Co. 
General Radio Co 
Rawson Elec. Inst. Co. 
Roller- Smith Co 
Weston Elec. Inst. Corp. 


MILLIVOLTMETERS 
Bristol Company 


Brown Instrument Co. 
General Electric Co. 
Esterline-Angus Co 


Rawson Elec. Inst. Co, 
Roller-Smith Co 


Taylor Instrument Cos, 
rhwing Instrument Co 
Weston Elec. Inst. Corp. 


MIRRORS 
MODULATION METERS 
Esterline- Angus Co. 
General Radio Co. 
Weston Elec. Inst. Corp. 
MOISTURE METERS 
General Radio Co 
MOTION RECORDERS 
Mechanical 
Baldwin- Southwark Corp. 
Bristol Company 
Esterline-Angus Co. 
Foxboro Co 


MOTOR STARTERS 


Qoller-Smith Co 
MULTIMETERS 
Rawson Elec. Inst. Co 


MULTIPLE PEN 
RECORDERS 


Baldwin Southwark Corp, 
Bristol Co 
Esterline-Angua Co 
Foxboro Co 
MULTIPLIERS 


General | 


Weston Elec. Inst. Corp 
NICKEL SOLUTION 
TESTERS 
NOISE MEASURING 
SETS 
Burgess Lab Inc., C. BP. 
General Radio Co 
OHM METERS : 
Esterline- Angus Co 
General Electric Co 
Rawson Elec. Inst. Co. 
Roller-Smith € 
Weston Elec. Inst. Corp. 
OIL TESTING 
APPARATUS 
General Eleetrice Co 
Taylor Instrument Cos 
OPERATION RECORDERS 
Roller-Smith Co 
Electrical 
Bristol Company 


trown Instrument Co 
Esterline-Angus Co 
Foxboro Co 
Roller-Smith Co 
Taylor Instrument Cos. 
Thwing Instrument Co, 


OPTICAL PARTS 
Lenses, Prisms, Test Planes 
Gaertner Scientific Corp. 
ORIFICE METERS 
Indicating & Recording 
American Meter Co 
Bailey Meter Co 
Brown Instrument Co 
Foxboro Co 
Morey & Jones, Ltd 
Integrating 
American Meter Co 
ORIFICES, ADJUSTABLE 
American Meter Co, 
talley Meter C 
OSCILLATORS 
General R ( 


Weston Flee Inst. Corp 
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GUSCILLOGRAPHS 
Baldwin-Southwark Corp. 
General Electric Co. 
General Radio Ca 

Automatic 
General Electric Co. 

Cathode Ray 
General Electric Co. 
General Radio Co 

PANTOGRAPHS 
Gaertner Scientific Corp. 

PERISCOPES 
Gaertner Scientific Corp. 

PERMEAMETERS 
General Electric Co 

PHOTO-ELECTRIC CELLS 
General Electric Co 
Weston Elec. Inst. Corp. 

PHOTO-ELECTRIC 
COLOR ANALYZERS 
General Electric Co 
Thwing Instrument Co 

PHOTO-ELECTRIC 

COLOR COMPARA. 
TORS 
General Electric Co 
Thwing Instrument Co 

PHOTOMETERS 
Gaertner Scientific Corp 

PHOTO-MICROGRAPHIC 

EQUIPMENT 
Rawson Elec. Instru. Co. 

PITOT TUBE METERS 
Brown Instrument Co 
Foxboro Co. 

Morey & Jones, Ltd 
Pioneer Instrument Co. 

PLANIMETERS 

Automatic Flow Record 
Brown Instrument Co. 
Forboro Co. 

Linear 
Brown Instrument Co 
Baldwin-Southwark Corp 

Radial 
Bailey Meter Co 
Bristol Company 
Foxboro Co. 

Square Root 
Foxboro Co 

POLARISCOPES 
Gaertner Scientific Corp 

POSITION RECORDERS 
Brown Instrument Co. 
Bristol Company 
Esterline-Angus Co. 
Foxboro Co 
Taylor Instrument Cos. 

POTENTIOMETERS— 

Indicating 
Brown Instrument Co 
General Electric Co 
Thwing Instrument Co 

Recording & Controlling 
Brown Instrument Co 
Thwing Instrument Co 

Standard Cell Comparing 

Feussner Type 

POWER FACTOR METERS 
Esterline-Angus Co 
General Electric Co. 
Roller-Smith Co 
Weston Elec. Inst. Corp. 

PRESSURE RECORDERS 
American Meter Co 
Bailey Meter Co. 
Baldwin-Southwark Corp. 
Bristol Company 
Brown Instrument Co. 
Esterline- Angus Co 
Foxboro Co. 

Taylor Instrument Cos. 

PRISMS 
Gaertner Scientific Corp. 

PROCESS TIMING & 

SIGNALING IN- 
STRUMENTS 
Bristol Company 
Brown Instrument Co. 
Esterline-Angus Co. 
Foxboro Co. 
Taylor Instrument Cos. 
PROTRACTORS 
Optical 
PROVERS 
American Meter Co. 
PSYCHROMETERS 
Recording 
Bristol Company 
Brown Instrument Co 
Foxboro Co. 
Taylor Instrument Cos. 
Sling 


Taylor Instrument Cos 
PYRHELIOMETERS— 
Weather Bureau Type 
PYROMETERS 
Optical 
Radiation 

Indicating 

Brown Instrument Co 

Taylor Instrument Cos 

Thwing Instrument Co 

Recording 

Brown Instrument Co 

Taylor Instrument Cos 

Thwing Instrument Co. 


Thermo-electric 
immersion 
Bristol Company 
srown Instrument Co. 
Foxboro Co. 
Roller-Smith Co 
Taylor Instrument Cos 
Thwing Instrument Co. 
Indicating 
Bristol Company 
Brown Instrument Co 
Foxboro Co 
Taylor Instrument Cos 
Thwing Instrument Co 
Recording and Controlling 
Bristol Company 
Brown Instrument Co. 
Foxboro Co. 
Taylor Instrument Cos 
Thwing Instrument Co 
Surface Contact 
Bristol Company 
Brown Instrument Co 
Taylor Instrument Cos 
Thwing Instrument Co 
PYROMETER CALI- 
BRATING SETS 
Thwing Instrument Co 
RADIO FREQUENCY 
OSCILLATORS 
General Radio Company 
RADIO SET ANALYZERS 
Weston Elec. Inst. Corp. 
RADIO TEST PANEL 
Weston Elec. Inst. Corp. 


RADIO TUBE CHECKERS 
General Radio Company 
Weston Elec. Inst. Corp. 

REF RACTOMETERS 

REGULATORS—See 

Controls 

RELAYS 
General Electric Co. 
Roller-Smith Co 
Weston Elec. Inst. Corp. 

Light Sensitive 
Burgess Labs., Inc., C. F. 
Roller-Smith Co. 

Weston Elec. Inst. Corp. 

Vacuum Contact 
Burgess Labs., Inc., C. F. 

Vacuum Tube 
Burgess Labs., Inc.. C. F. 

REMOTE METERING 

EQUIPMENT 
American Meter Co. 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Esterline-Angus Co. 
General Electric Co. 
Morey & Jones, Ltd. 
Pioneer Instrument Co. 

RESISTANCE—Electrical 
General Radio Co. 
Roller-Smith Co. 

RHEOSTATS 
General Radio Company 

SACCHARIMETERS 
Taylor Instrument Cos 

SALINITY INDICATORS 
Esterline- Angus Co. 


SCALES 

Gaertner Scientific Corp. 
Basis Weight 

Thwing Instrument Co. 
Differential 

Thwing Instrument Co 


SEISMOGRAPHS 
SHUNT METERS 
Bristol Company 
Esterline- Angus Co, 
Roller-Smith Co. 
SHUNTS 
Esterline- Angus Co. 
Genera! Electric Co 
Rawson Elec. Inst. Co. 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 
SIGNALING DEVICES— 
Automatic 
Bristol Co. 
Brown Instrument Co. 
Foxboro Co. 
Pioneer Instrument Co. 


SPECIAL COILS 
SPECIAL ELECTRICAL 
INSTRUMENTS 

Bristol Company 
Brown Instrument Co. 
Esterline-Angus Co. 
General Electric Co. 
General Radio Co. 
Morey & Jones, Ltd. 
Pioneer Instrument Co. 
Rawson Elec. Inst. Co. 
Roller-Smith Co 
Thwing Instrument Co. 
Weston Elec. Inst. Corp. 
SPECIAL INSTRUMENTS 
Esterline-Angus Co. 
Roller-Smith Co. 
Thwing Instrument Co. 
SPECTROGRAPHS 
Gaertner Scientific Corp. 


SPECTROMETERS 
Gaertner Scientific Corp. 
SPECTROPHOTOMETERS 
Gaertner Scientific Corp. 
SPECTROSCOPES 
Gaertner Scientific Corp. 
SPEED INDICATORS 
See Tachometers 
SPEED RECORDERS 
Bristol Company 
Brown Instrument Co. 
Esterline-Angus Co. 
Thwing Instrument Co 
SPEED REGULATORS 
STANDARD CELLS 
Weston Elec. Inst. Corp. 
STOP WATCHES 
STRAIN GAGES 
Baldwin-Southwark Corp. 
General Electric Co. 
STROBOSCOPES 
General Radio Co 
SUNSHINE RECORDERS 
Taylor Instrument Cos. 
SURGE INDICATORS & 
RECORDERS 
Esterline- Angus Co. 
General Electric Co. 
SYNCHRONOSCOPES 
Weston Elec. Inst. Corp. 
Roller-Smith Co. 
SYNCHRONIZATION 
FORKS 
Electrical 
General Radio Co. 
SYNCHRONOUS MOTORS 
General Electric Co 
Pioneer Instrument Co. 
TACHOMETERS 
Bailey Meter Co. 
Bristol Company 
Brown Instrument Co. 
Esterline- Angus Co. 
Foxboro Co. 
Pioneer Instrument Co. 
Roller-Smith Co. 
Thwing Instrument Co. 
Weston Elec. Inst. Corp. 
TACHOSCOPES 
Brown Instrument Co. 
TELEMETERS—See 
Remote Metering 
TELESCOPES 
Gaertner Scientific Corp. 


TENSOMETER (Huggen- 
berger 


Q 
Baldwin-Southwark Corp. 
TESTING MACHINES 


Thwing Instrument Co. 
Fatigue 

Baldwin-Southwark Corp. 
Impact 

Baldwin-Southwark Corp. 
impact (very light load) 

Thwing Instrument Co. 
Hardness 

Baldwin-Southwark Corp. 
Oil & Bearing 

Baldwin-Southwark Corp 
Paper 

Thwing Instrument Co 
Penetration 

Thwing Instrument Co 
Portable—Tensile—Com- 
pression 

Baldwin-Southwark Corp. 
Sheet Metal 

Baldwin-Southwark Corp. 
Stiffness & Bending 

Thwing Instrument Co. 
Stretch 

Thwing Instrument Co 
Tearing 

Thwing Instrument Co. 
Tensile (very light load) 

Thwing Instrument Co. 
Universal 

Baldwin-Southwark Corp. 
THERMIONIC RECTI- 

FIERS 

General Electric Co. 

THERMO-JUNCTIONS 
(Electric) 

General Radio Co. 

Rawson Elec. Inst. Co. 

Roller-Smith Co 
THERMO-VOLTMETERS, 

AMMETER 

General Radio Company 

Rawson Elec. Inst. Co. 

Roller-Smith Co. 

Weston Elec. Inst. Corp. 
THERMOPILES 
THERMOMETERS 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 
Gas Filled 

Defender Autom’c Reg. Co 

Foxboro Co. 

Taylor Inst. Companies 
Mechanieal 

Brown Instrument Co. 

Foxboro Co. 








HASLER SPEED 


More than 55,000 in use—tend to show that, 
in respect to accuracy, Industrial Engineers 
are fast becoming as exacting as Physicists. 


461 EIGHTH AVE. HASLER-TEL CO. NEw yorkK.N.Y. 


INDICATORS 
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Mercurial 

Bristol Company 

Taylor Instrument Cos. 
Resistance 

Brown Instrument Co. 

Foxboro Co. 

Thwing Instrument Co. 
Vapor-Tension 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Taylor Inst. Companies 
Wet & Dry Bulb 

Bristol Company 

Brown Instrument Co. 

Forboro Co. 

Taylor Instrument Cos. 

Thwing Instrument Co 
THERMOSTATS 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Taylor Instrument Cos. 
THERMOSTATIC 

BIMETAL 
Chace Valve Co 


Ww. M 
TIME INDICATORS 


Baldwin-Southwark Corp. 


TIME METERS 
General Electric Co. 

TIME OPERATION 

RECORDERS 
Bristol Company 
Esterline-Angus Co. 
Foxboro Co. 

TIME RECORDERS 
Bristol Company 
Brown Instrument Co. 
Esterline- Angus Co. 
Gaertner Scientific Corp. 
Foxboro Co. 

TIME SWITCHES 
General Electric Co. 

TIMERS 
Rawson Elec. Inst. Co. 

TIMING DEVICES 
General Electric Co. 

TORSIOGRAPH 


Baldwin-Southwark Corp. 


TOTALIZING 
INSTRUMENTS 
American Meter Co. 
General Electric Co. 
TOTALIZING RELAYS 
Electric 
General Electric Co. 
TRANSFORMATION 
POINT RECORDERS 
Brown Instrument Co. 
TRANSFORMERS 
(Instrument) 
Esterline- Angus Co. 
General Electric Co. 
General Radio Co, 
Roller-Smith Co. 
Weston Elec. Inst., Corp. 


TRANSITS 
Astronomical 

Gaertner Scientific Corp. 
Pocket 

Taylor Instrument Cos. 


TUNING FORKS— 
Electrically Driven 

General Electric Co. 

General Radio Co. 

Gaertner Scientific Corp. 
TURBIDIMETERS 
U-TUBE MANOMETERS 

Bailey Meter Co. 

Brown Instrument Co. 

Morey & Jones, Ltd. 

Taylor Instrument Cos. 
VACUUM RECORDERS 

Bailey Meter Co. 

Bristol Company 

Brown Instrument Co. 

Esterline-Angus Co. 

Foxboro Co. 

Taylor Instrument Cos. 
VACUUM TUBE BRIDGES 

General Radio Company 
VACUUM TUBE RELAYS 

Burgess Labs., Inc., C. F. 
VACUUM TUBE 

VOLTMETERS 

General Electric Co. 

General Radio Co. 

Rawson Elec. Inst. Co. 
VALVES 
Automatic Shut-Off 

Bristol Company 

Brown Instrument Co. 

Foxboro Co. 

Taylor Instrument Cos. 
Back Pressure 

American Meter Co. 
Balanced 

Bailey Meter Co. 

Baldwin-Southwark Corp. 

Brown Instrument Co. 

Foxboro Co. 

Taylor Instrument Cos. 


Blow-off 
American Meter Co. 
Diaphragm 
Bristol Company 
Foxboro Co. 
Taylor Instrument Cos. 
Differential 
American Meter Co. 
Electrically Operated 
Baldwin-Southwark Corp. 
Bristol Company 
Brown Instrument Co. 
General Electric Co. 
Taylor Instrument Cos. 
Motor Operated 
Baldwin-Southwark Corp. 
Bristol Co. 
Pressure Relief 
American Meter Co. 
Proportional Air-Gas 
American Meter Co. 





Reducing 
Bailey Meter Co. 
Taylor Instrument 
Regulating 
American Meter ( 
Bailey Meter Co. 
Bristol Co. 
Brown Instrument ( 
Foxboro Co. 

Taylor Instrument (os 
VENTURI METERS 
Bailey Meter Co. 
Brown Instrument ( 

Foxboro Co. 
Morey & Jones, Ltd 
Pioneer Instrumert 


VIBROGRAPHS 
Baldwin-Southwark (orp 

VIBROSCOPES 
Baldwin-Southwark Corp 

VISCOSIMETERS 


Taylor Inst. Companies 
VOLTAGE DIVIDERS 
General Radio Co. 
VOLT-AMMETERS 
Esterline-Angus Co 
General Electric C 
Roller-Smith Co 
Weston Elec. Inst. Corp 
VOLTMETERS 
Electrostatic 
General Electric ¢ 
Rawson Elec. Inst. Co 
Roller-Smith Co. 
Indicating 
General Electric Co 
General Radio Co. 
Rawson Elec. Instru. Co 
Roller-Smith Co 
Weston Elec. Inst. Corp. 
Recording 
Bristol Company 
Esterline- Angus Co. 
General Electric © 
Roller-Smith Co. 
Thermionie Rectifier 
General dio Co. 
WATER METERS 
Bailey Meter Co. 
Brown Instrument Co 
Foxboro Co. 
Morey & Jones, Ltd 
WATTHOUR METERS 
General Electric Co 
WATTMETERS 
Indicating 
yeneral Electric Co 
Rawson Elec. Inst. Co 
Roller-Smith Co. 
Weston Elec. Inst. Corp. 
Recording 
Bristol Company _ 
Esterline-Angus Co 
General Electric Co 
Roller-Smith Co. 
WAVEMETERS 
General Radio Co 
X-RAY SPECTROMETERS 
Gaertner Scientific Corp 








What instruments 


do you want to buy? 


If you do not see listed in the Advertising pages 
in the INSTRUMENTS INDEX the instruments and 
devices for measurement, inspection and contrc 


you wish to purchase, 


4 


Write Information Section 


4 


Instruments Publishing Company 
330 West 42nd St. 


New York City 
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REVIEW OF SCIENTIFIC 
INSTRUMENTS 


with 


Physics News and Views 
F. K. RICHTMYER, Editor 


Published monthly by the American Institute of 
Physics in collaboration with the Optical Society of 
America and the Association of Scientific Apparatus 
Makers of America. 


Includes Editorials and special articles on recent de- 
velopments in physics; also news of interest to physicists; 
tables of contents of current journals. 
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Physics Forum: 
Current History of the Positive Electron 


Contributed Articles: 
Gas X-Ray Tube 


Note on the Use of Sealed Alpha-Ray Bulbs 
in the Study of Chemical Reactions Pro 
duced by Radon 


Note on the Resonance Radiometer 


Evaporation Technique for Highly Refractory 
Substances 


Constant Ultraviolet Output from Quartz 
Mercury Arc Lamps 


Optical Osmometer 


Abstracts, Book Reviews, Physics News 


Current Literature of Physics 





¢ 


AMERICAN INSTITUTE OF PHYSICS 
11 East 38th Street, New York, New York 


Please enter my subscription for one year beginning 
January, 1934. 


I enclose $2.00 CT] 


Please send me a bill [_] 
Name... 


Address 














‘Since 1928 we have 


THE FITZGERALD = 
MANUFACTURING Co. 


STAR ‘Rite 


AUTOMATIC IRONS 


Many other manufacturers 
now use Chace Bimetal for 


automatic control because 
of its high sensitivity, HETMETAL 
accuracy, uniformity and 


dependable operation under 
all conditions. . . . Sold in: 


SHEETS © STRIPS « FORMS 


W.M.CHACE VALVE CO. 


1609 Beard. Avenue - + + Detroit Mich 
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American or European Plan—Complete Garage Facilities 
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ON THE OCEAN FRONT 


She Breakers 


ATLANTIC CITY, N. J 


Extraordinary Reduction in Rates 


AS LOW AS 
Without Meals With Meals 
$5.00 Daily 


$2.50 Daily Per Person Per Person 
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Hot and Cold Sea Water in all Baths 
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Assist in controlling production 
and developing best methods 


2 _ BRISTOL’S Operation Recorders furnish con- 




















° 
7 . - ; 
fp tinuous chart records of (1) fact of operation 
(2) time of operation and (3) duration, for 
hundreds of different operations, including 
c 
Alternating Current Gas Holders Rotary Kilns 
Feeder Regulator Hydraulic Grinders Sintering Machines 
Belt Conveyors Hydrometers Switches 
Centrifugal Wringers Motor Running Time Telephone Tol! Line 
Circuit Breakers Open Hearth Furnaces Cables 
Conveyors Paper Machines Trolley Cars 
Crushing Machines Plunger Feeder Turbine Sluice Gates 
Dredges Pulp Grinders Valves 
Dumpers Pulp Mill Beaters Water Level 
Elevators Pumps Water Wheel Gates 
Engine Governors Railroad Cars Weighing Machines 
Op 
Se Y PROVIDING a con- 
tinuous chart record of 
Oz fF the occurrence of an opera- 
tion or motion, the time of 
% C day it took place and how 
“S long it continued, BRISTOL’S 
o% fs Operation and Motion Re- | 
> = corders enable management 
— to set up the one best 
method, to standardize pro- 
Char duction, and so to promote 
bs economy. 
As its name implies, 
o¢ BRISTOL’S Electrical Opera- 
A tion Recorder, Model 940M, 
ot ¢_ incorporates an electro-mag- 
net which is energized by current, supplied from batteries 
oy or lighting circuit, whenever the electrical circuit is closed. 
A The operation may occur at one location, and the Re- 
: corder placed a considerable distance away. 
P . ; y 
os BRISTOL’S Mechanical Operation Recorder, Model 
940M, is entirely mechanical. Motion or movement is 
transmitted from its source through a 
simple mechanism directly to the pen 
arm of the instrument and recorded on 
the chart. In combination with BRISTOL'S 
Metameter System, long distance tele- 
metering up to 250 miles is possible. 
For interesting and helpful informa- 
tion, write for Catalog 1603-2. 
Above: BRISTOL’S Electrical Operation Recorder, 
& Model 940M, records on a chart the occurrence and the 
duration of an operation. Below: Inside assembly of a two 
? pen Model 940M. The 12-inch Model may be fitted with 


as many as 12 pens. Left: A record of 6 operations ona 
12-inch round chart, Model 940M. 
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